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AB Candida glabrata is the second most common cause of Candidemia and other forms of 
invasive candidiasis in the western world. It has an intrinsic high tolerance and often 
develops resistance to various antifungals. Understanding the resistance mechanisms is of 
utmost importance to tackle this problem. The most studied among the yeast pathogens is 
Candida albicans, however C. glabrata and its pathogenic traits differ from it, especially 
the proficiency of C. glabrata to adapt to harsh environment and develop resistance. C. 
glabrata is a close relative to the ale yeast Saccharomyces cerevisiae, they share a high 
degree of homology, although the regulation and function of some genes can be different. 
Drug combinations are a valid strategy to combat the resistance, and many combinations are 
already present in the clinic. Unfortunately, the drug-drug interactions are still mostly only 
considered for their potentially toxic effect on the host, and their effects on pathogens are 
usually ignored. On this basis, we tested different combinations of immunosuppressive and 
antifungal drugs against C. glabrata and S. cerevisiae clinical isolates. We successfully 
confirmed the synergistic interaction between calcineurin inhibitors (cyclosporine A, 
Fk506) and antifungals (amphotericin B, itraconazole, and fluconazole). We also discovered 
clinically relevant antagonism between purine biosynthesis inhibitor mycophenolic acid 
(MPA) and azole antifungals and explored the mechanism behind it. MPA alleviates the 
effect of azoles through enhanced activity of efflux pumps, which lowers the bioavailability 
of azoles thus reducing their effect. The MPA induction of the efflux pumps comes as a cell 
response to weak lipophilic acid, and via dysfunctional mitochondria regulating the Hog1 
osmotic/oxidative stress response and Pkc1 cell wall integrity pathways involving genes 
HSP12, SSA3, RCK2, ROX1, and YPK1. Ypk1 serine/threonine protein kinase seems to be 
an integral regulator for drug response and a potential connection between the signaling 
from the dysfunctional mitochondria, by sensing the sphingolipid homeostasis and 
triggering the cell wall integrity pathway and drug response. Ypk1 is a promising target for 
the drug development, since its deletion greatly reduces the tolerance to fluconazole and 
MPA and diminishes the suppressive antagonistic interaction between the drugs. We also 
discovered/confirmed 28 gene deletions that significantly change the susceptibility of C. 
glabrata to fluconazole, 26 for MPA and 17 for the combination of both drugs. All of these 
genes present potential for further drug development. 
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AI Patogena kvasovka Candida glabrata je drugi najpogostejši vzrok kandidemij in drugih 
oblik invazivnih kandidoz. Ima prirojeno visoko toleranco do antimikotikov in pogosto do 
njih razvije odpornost. Za spopadanje s tem problemom je razumevanje mehanizmov 
odpornosti ključnega pomena. Mehanizmi virulence kvasovke C. glabrata se razlikujejo od 
glavne predstavnice patogenih kvasovk Candida albicans. C. glabrata je namreč bližnji 
sorodnik s pivsko kvasovko Saccharomyces cerevisiae, z njo si deli mnogo homolognih 
genov, vendar ti lahko nastopajo z malenkost spremenjeno funkcijo in načinom regulacije. 
Ena od strategij za borbo proti odpornosti je uporaba kombinirane terapije. Kombinacije 
zdravil so pogost pojav v kliničnem okolju, vendar se običajno vpliv njihovih interakcije 
preučuje zgolj za gostitelja. Kakšen učinek imajo te interakcije na patogene, pa je velikokrat 
spregledano. Na tej podlagi smo testirali učinek različnih kombinacij imunosupresivov in 
antimikotikov na klinične izolate kvasovk C. glabrata in S. cerevisiae. Potrdili smo sinergijo 
med kalcinurinskimi inhibitorji (ciklosporin A in Fk506) in antimikotiki (amfotericin B, 
flukonazol in itrakonazol). Poleg tega smo odkrili nov, klinično relevanten supresivni 
antagonizem, kjer inhibitor biosinteze purinov mikofenolna kislina (MPA) zmanjša 
učinkovitost azolov, in raziskali mehanizem, zakaj do tega pride. MPA zmanjša učinek 
azolov skozi širok stresni odziv s povečanjem aktivnost izlivnih črpalk, kar zmanjša 
biološko uporabnost azolov. Aktivacija črpalk s strani MPA pride kot odziv celice na šibke 
lipofilne kisline in z aktivacijo kaskad stresnih odzivov Hog1 (osmotski/oksidativni stres) 
ter Pkc1 (ohranitev integritete celične stene), verjetno reguliranih skozi disfunkcionalne 
mitohondrije. Pri tem sodelujejo geni HSP12, SSA3, RCK2, ROX1 in YPK1. Rezultati kažejo 
v smer, da je serin/treonin protein kinaza Ypk1 integralni regulator za odziv na različna 
zdravila in morebitna povezava med signalizacijo disfunkcionalnih mitohondrijev in jedra 
skozi zaznavanje sfingolipidne homeostaze in posledične aktivacije Pkc1 odziva za 
ohranitev integritete celične stene in odziva na zdravila. Za potrditev tega modela so 
potrebne še dodatne raziskave. Ypk1 tako predstavlja obetavno tarčo za razvoj novih 
zdravil/terapij, saj njena delecija močno poveča občutljivost tako na flukonazol kot tudi na 
MPA in pri tem odstrani supresivno antagonistično interakcijo med zdravili. Odkrili oz. 
potrdili smo 28 genskih delecij, ki signifikantno spremenijo občutljivost kvasovke C. 
glabrata na flukonazol, 26 delecij za MPA in 17 za kombinacijo obeh zdravil. Vsi te geni 
predstavljajo potencial za nadaljnji razvoj zdravil. 
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ABBREVIATIONS AND SYMBOLS 
 
2,4-D  2,4-dichlorophenoxyacetic acid 
5FC  Flucytosine 
ABC  ATP-binding cassette (transporter) 
ADP  Adenosine-5'-diphosphate 
AFG  Anidulafungin 
AGAB  Actual growth against the drug combination 
AMB  Amphotericin B 
AMP  Adenosine-5'-monophosphate 
ARF  ADP-ribosylation factors 
ART  Artemisinic acid 
ATP  Adenosine-5'-triphosphate 
BDP-PCZ Boron-dipyrromethene labelled posaconazole 
BI  Bliss independence 
bp  Base pairs (DNA/RNA) 
BSI  Bloodstream infection 
cDNA  Complementary DNA 
CGD  Candida Genome Database (http://www.candidagenome.org/) 
CFU  Colony-forming unit 
CLSI  Clinical and Laboratory Standards Institute 
CLSM  Confocal laser scanning microscopy 
CTG  Candida clade 
CUT  Cryptic unstable transcript 
CW  Calcofluor white 
CWI  Cell wall integrity 
dH2O  distilled sterile H2O 
DHFR  Dihydrofolate reductase 
DIC  Differential interference contrast 
DMSO  Dimethyl sulfoxide 
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dox  Doxycycline 
ER  Endoplasmic Reticulum 
EUCAST European Committee on Antimicrobial Susceptibility Testing 
EtOH  Ethanol 
FACS  Fluorescence-activated cell sorting 
FDR  False discovery rate 
FICI  Fractional inhibitory concentration 
FLC  Fluconazole 
GDP  Guanosine-5'-diphosphate 
GPI-CWP Glycosylphosphatidylinositol-dependent cell wall protein 
GTP  Guanosine-5'-triphosphate 
HOG  High-osmolarity glycerol (pathway) 
IL-2  Interleukin-2 
IMP  Inosine-5’-monophosphate 
IMPDH Inosine-5’-monophosphate dehydrogenase 
ITC  Itraconazole 
KAT  Lysine acetyltransferases 
KDAC  Lysine deacetylases 
MAPK  Mitogen activated protein kinase 
Mbp  Mega base pair 
MDR  Multidrug resistant 
MEM  Modulatory effect of mutations 
MFS  Major facilitator superfamily (transporter) 
MIC  Minimal inhibitory concentration 
MMF  Mycophenolate mofetil 
MPA  Mycophenolic acid 
NAD+  Nicotinamide adenine dinucleotide 
NAT  Nourseothricin 
OD  Optical density 
ORF  Open reading frame 
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PCI  Phenol, chloroform, isoamyl alcohol solution 
PCR  Polymerase chain reaction 
PCZ  Posaconazole 
PKC  Protein Kinase C 
PRPP  5-phosphoribosyl-1-pyrophosphate 
qPCR  Quantitative real-time polymerase chain reaction 
R6G  Rhodamine 6G 
RNA-seq RNA-sequencing 
ROS  Reactive oxygen species 
rpm  Revolutions per minute 
RPMI  Roswell Park Memorial Institute medium 
SAMP  S-adenosine-5'-monophosphate 
Ser  Serine amino acid 
snoRNA small nucleolar RNA 
snRNA small nuclear RNA 
TF  Transcription factor 
TGAB  Theoretical growth against the drug combination 
Thr  Threonine amino acid 
Tm  (Primer) Melting temperature 
TORC2 Yeast target of rapamycin complex 2 – a multi-subunit plasma membrane-
associated protein kinase and vital growth regulator 
UV  Ultra violet (light) 
VRC  Voriconazole 
WGD  Whole-genome duplication 




AAH1  Adenine AminoHydrolase 
ADE12 ADEnine requiring 
ADE13 ADEnine requiring 
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ADE16 ADEnine requiring 
ADE2  ADEnine requiring 
ADE4  ADEnine requiring 
ADE5,7 ADEnine requiring 
ADE6  ADEnine requiring 
ADE8  ADEnine requiring 
ADH2  Alcohol DeHydrogenase 
ADK1  ADenylate Kinase 
ADR1  Alcohol Dehydrogenase II synthesis Regulator 
AFG1  ATPase Family Gene 
AFR1  Alpha-Factor Receptor regulator 
AFT1  Activator of Ferrous Transport 
AGE3  Putative ADP-ribosylation factor GTPase activating protein 
AHK1  Associated with HKr1 
AKR1  AnKyrin Repeat containing 
ALG5  Asparagine-Linked Glycosylation 
ALG6  Asparagine-Linked Glycosylation 
AMD1  AMP Deaminase 
AOX  Alternative Oxidase 
APT1  Adenine PhosphoribosylTransferase 
ARG82 ARGinine requiring 
ARO8  AROmatic amino acid requiring 
ASF1  Anti-Silencing Function 
ATG1  AuTophaGy related 
ATH1  Acid TreHalase 
ATR1  AminoTriazole Resistance 
AUS1  ABC protein involved in Uptake of Sterols 
AVO2  Adheres VOraciously (to TOR2) 
BAG7  Rho GTPase activating protein (RhoGAP) 
BIG1  Bad In Glucose 
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BNA  Biosynthesis of Nicotinic Acid 
BYE1  BYpass of ESS1 
CAF16  CCR4 Associated Factor 
CAF120 CCR4 Associated Factor 
CCH1  Calcium Channel Homolog 
CCR4  Carbon Catabolite Repression 
CDC10 Cell Division Cycle 
CDC50 Cell Division Cycle 
CDR1  Candida Drug Resistance 
CDR2  Candida Drug Resistance 
CHO2  CHOline requiring 
CHS3  CHitin Synthase-related 
CKA2  Casein Kinase Alpha' subunit 
CKB2  Casein Kinase Beta' subunit 
CMK1  CalModulin dependent protein Kinase 
CNA1  CalciNeurin A 
CNB1  CalciNeurin subunit B 
CNE1  CalNExin and calreticulin homolog 
CTK3  Carboxy-Terminal domain Kinase 
CRZ1  Calcineurin-Responsive Zinc finger 
CSI1  Cop9 Signalosome Interactor 
DAK1  DihydroxyAcetone Kinase 
DAL80  Degradation of Allantoin 
DER1  Degradation in the Endoplasmic Reticulum 
DFM1  Der1-like Family Member 
DNF3  Drs2 Neo1 Family 
DOT6  Disruptor Of Telomeric silencing 
DRE2  Derepressed for Ribosomal protein S14 Expression 
DRS2  Deficiency of Ribosomal Subunits 
DSE1  Daughter Specific Expression 
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ECM22 ExtraCellular Mutant 
ELO3  fatty acid ELOngation 
ELP2  ELongator Protein 
ELP3  ELongator Protein 
ELP4  ELongator Protein 
EPA  EPithelial Adhesin 
EPA1  EPithelial Adhesin 
EPA6  EPithelial Adhesin 
EPA7  EPithelial Adhesin 
EPL1  Enhancer of Polycomb Like 
ERC1  Ethionine Resistance Conferring 
ERG1  ERGosterol biosynthesis 
ERG11 ERGosterol biosynthesis 
ERG2  ERGosterol biosynthesis 
ERG24 ERGosterol biosynthesis 
ERG25 ERGosterol biosynthesis 
ERG26 ERGosterol biosynthesis 
ERG27 ERGosterol biosynthesis 
ERG28 ERGosterol biosynthesis 
ERG29 ERGosterol biosynthesis 
ERG3  ERGosterol biosynthesis 
ERG4  ERGosterol biosynthesis 
ERG5  ERGosterol biosynthesis 
ERG6  ERGosterol biosynthesis 
ERG7  ERGosterol biosynthesis 
ERG9  ERGosterol biosynthesis 
FAR11  Factor ARrest 
FCY1  FluoroCYtosine resistance 
FCY2  FluoroCYtosine resistance 
FKH1  ForK head Homolog 
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FKS1  FK506 Sensitivity 
FKS2  FK506 Sensitivity 
FLO  FLOcculation 
FLR1  FLuconazole Resistance 
FPK1  FliPase Kinase 1 
FPS1  fdp1 Suppressor 
FUN30 Function Unknown Now 
FUR1  5-FluoroURidine resistant 
FUS3  cell FUSion 
FZF1  Five Zinc Fingers 
GAD1  GlutAmate Decarboxylase 
GAL11A GALactose metabolism 
GCN4  General Control Nonderepressible 
GCR1  GlyColysis Regulation 
GCY1  Galactose-inducible Crystallin-like Yeast protein 
GEP4  GEnetic interactors of Prohibitins 
GIM3  Gene Involved in Microtubule biogenesis 
GIS4  GIg1-2 Suppressor 
GON7  Component of the EKC/KEOPS protein complex 
GPP1  Glycerol-3-Phosphate Phosphatase 
GPX2  Glutathione PeroXidase 
GRX3  GlutaRedoXin 
GRX7  GlutaRedoXin 
GUA1  GUanine Auxotroph 
GUK1  GUanylate Kinase 
GZF3  Gata Zinc Finger protein 
HAA1  Homolog of Ace1 Activator 
HAP1  Heme Activator Protein 
HAP3  Heme Activator Protein 
HEK2  HEterogeneous nuclear rnp K-like gene 
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HHF1  Histone H Four 
HIS3  HIStidine 
HIS4  HIStidine requiring 
HOG1  High Osmolarity Glycerol response 
HOM6  HOMoserine requiring 
HOT1  High-Osmolarity-induced Transcription 
HPR1  HyPerRecombination 
HPT1  Hypoxanthine guanine PhosphoribosylTransferase 
HRD1  HMG-coA Reductase Degradation 
HSF1  Heat Shock transcription Factor 
HSP12  Heat Shock Protein 
HSP104 Heat Shock Protein 
HSP30  Heat Shock Protein 
HSP31  Heat Shock Protein 
HSP42  Heat Shock Protein 
HSP78  Heat Shock Protein 
HSP90/82 Heat Shock Protein 
HST1  Homolog of SIR Two (SIR2) 
HTA1  Histone h Two A 
ILV1  IsoLeucine-plus-Valine requiring 
IMD2  IMP Dehydrogenase 
IMD3  IMP Dehydrogenase 
IMD4  IMP Dehydrogenase 
IMP2  Inner Membrane Protease 
IZH2  Implicated in Zinc Homeostasis 
KIN82  protein KINase 
KNS1  Kinase Next to SPA2 
KRE6  Killer toxin REsistant 
KSS1  Kinase Suppressor of Sst2 mutations 
KTR2  Kre Two Related 
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LAG1  Longevity Assurance Gene 
LCB5  Long-Chain Base 
LEU2  LEUcine biosynthesis 
MCM1  MiniChromosome Maintenance 
MDG1  Multicopy suppressor of Defective G-protein 
MED2  MEDiator complex 
MET4  METhionine requiring 
MFT1  Mitochondrial Fusion Targeting 
MHR1  Mitochondrial Homologous Recombination 
MID2  Mating pheromone-Induced Death 
MIG1  Multicopy Inhibitor of GAL gene expression 
MIG3  Multicopy Inhibitor of Growth 
MKC1  MAP Kinase from C. albicans 
MKC7  Multicopy suppressor of Kex2 Cold sensitivity 
MOT3  Modifier of Transcription 
MRX2  Putative oxidoreductase (COQ11 - COenzyme Q) 
MSB2  Multicopy Suppression of a Budding defect 
MSG5  Multicopy Suppressor of GPA1 
MSH2  MutS Homolog 
MSN1  Multicopy suppressor of SNF1 mutation 
MSN2  Multicopy suppressor of SNF1 mutation 
MSN4  Multicopy suppressor of SNF1 mutation 
MXR1  peptide Methionine sulfoXide Reductase 
NAB2  Nuclear polyAdenylated RNA-Binding 
NAT1  N-terminal AcetylTransferase 
NCE103 NonClassical Export 
NCP1  NADP-Cytochrome P450 reductase 
NOT  Negative On TATA 
NPL6  Nuclear Protein Localization 
NRD1  Nuclear pre-mRNA Down-regulation 
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NRG2  Negative Regulator of Glucose-controlled genes 
NTG1  eNdonuclease Three-like Glycosylase 
NTH1  Neutral TreHalase 
NUT1  Negative regulation of URS Two 
OPY2  Overproduction-induced Pheromone-resistant Yeast 
ORM2  Protein that mediates sphingolipid homeostasis 
OST3  OligoSaccharylTransferase 
PAU  seriPAUperin family 
PCF11  Protein 1 of Cleavage and polyadenylation Factor I 
PDH1  prpD Homolog 
PDR1  Pleiotropic Drug Resistance 
PDR12 Pleiotropic Drug Resistance 
PDR16 Pleiotropic Drug Resistance 
PDR3  Pleiotropic Drug Resistance 
PDR5  Pleiotropic Drug Resistance 
PFK1  PhosphoFructoKinase 
PFK2  PhosphoFructoKinase 
PGC1  Phosphatidyl Glycerol phospholipase C 
PGD1  PolyGlutamine Domain 
PGK1  3-PhosphoGlycerate Kinase 
PHO  PHOsphate metabolism 
PIN4  Psi+ INducibility 
PKC1  Protein Kinase C 
PLP2  Phosducin-Like Protein 
PMP3  Plasma Membrane Proteolipid 
PMR1  Plasma Membrane ATPase Related 
PMT2  Protein O-MannosylTransferase 
POG1  Promoter Of Growth 
POP2  PGK promoter directed OverProduction 
POS5  PerOxide Sensitive 
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PRR2  Pheromone Response Regulator 
PTA1  Pre-Trna Accumulation 
PTC3  Phosphatase Two C 
PTP2  Protein Tyrosine Phosphatase 
PTP3  Protein Tyrosine Phosphatase 
PUN1  Plasma membrane protein Upregulated during Nitrogen stress 
PZF1  Putative Zinc Finger 
QDR1  QuiniDine Resistance 
QDR2  QuiniDine Resistance 
RAD23 RADiation sensitive 
RAP1  Repressor/Activator site binding Protein 
RAT1  Ribonucleic Acid Trafficking 
RCK2  Radiation sensitivity Complementing Kinase 
REF2  RNA End Formation 
RFM1  Repression Factor of Middle sporulation element 
RFX1  Regulatory Factor X 
RHO5  Ras HOmolog 
RIM15  Regulator of IME2 
RIM101 Regulator of IME2 
RIO1  RIght Open reading frame 
RIP1  Rieske Iron-sulfur Protein 
RLM1  Resistance to Lethality of MKK1P386 overexpression 
RNT1  RNase Three 
ROT2  Reversal Of Tor2 lethality 
ROX1  Regulation by Oxygen 
RPA12  RNA Polymerase A 
RPD3  Reduced Potassium Dependency 
RRI1  Regulator of Rub1 specific Isopeptidase 
RRN10  Regulation of RNA polymerase I 
RRN11  Regulation of RNA polymerase I 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




RRN3  Regulation of RNA polymerase I 
RRN7  Regulation of RNA polymerase I 
RSC30  Remodel the Structure of Chromatin 
RTA1  Resistance To 7-Aminocholesterol 
RTF1  Restores TBP Function 
RTT109 Regulator of Ty1 Transposition 
RTG3  ReTroGrade regulation 
SDP1  Stress-inducible Dual specificity Phosphatase 
SER1  SERine requiring 
SER2  SERine requiring 
SIP2  SNF1-Interacting Protein 
SIR2  Silent Information Regulator 
SIT4  Suppressor of Initiation of Transcription 
SKO1  Suppressor of Kinase Overexpression 
SKN7  Suppressor of Kre Null 
SKS1  Suppressor Kinase of SNF3 
SLT2  Suppressor of the LyTic phenotype 
SMK1  MAP kinase involved in regulation of sporulation and spore wall assembly; 
autophosphorylates 
SNF1  Sucrose NonFermenting 
SNF3  Sucrose NonFermenting 
SNO  SNZ proximal Open reading frame 
SNQ2  Sensitivity to 4-NitroQuinoline-N-oxide 
SNZ  SNooZe 
SPT10  SuPpressor of Ty 
SPT2  SuPpressor of Ty's 
SPT21  SuPpressor of Ty 
SRB8  Suppressor of RNA polymerase B 
SRO7  Suppressor of rho3 
SSA3  Stress-Seventy subfamily A 
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SSD1  Suppressor of SIT4 Deletion 
SSL2  Suppressor of Stem-Loop mutation 
SSN2  Suppressor of SNf1 
SSN3  Suppressor of SNf1 
SSN8  Suppressor of SNf1 
SST2  SuperSensiTive 
SSY5  Sulfonylurea Sensitive on YPD 
STB3  Sin Three Binding protein 
STB5  Sin Three Binding protein 
STE11  STErile 
STE12  STErile 
STE2  STErile 
STE3  STErile 
STE7  STErile 
STE50  STErile 
STF2  STabilizing Factor 
STP1  Species-specific tRNA Processing 
SUB2  SUppressor of Brr1-1 
SUM1  SUppresor of Mar1-1 
SUR4  Predicted fatty acid elongase involved in production of very long chain fatty 
acids for sphingolipid biosynthesis 
SUT1  Sterol UpTake 
SWF1  Spore Wall Formation 
SWI4  SWItching deficient 
SWM1  Spore Wall Maturation 
SYS1  Suppressor of Ypt Six 
TAM41 Translocator Assembly and Maintenance 
TEC1  Transposon Enhancement Control 
TFC1  Transcription Factor class C 
TFC4  Transcription Factor class C 
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TMC1  Trivalent Metalloid sensitive, Cuz1-related protein 
TOD6  Twin Of Dot6p 
TPK2  Takashi's Protein Kinase 
TPK3  Takashi's Protein Kinase 
TPO1_1 Transporter of Polyamines 
TPO1_2 Transporter of Polyamines 
TPO2  Transporter of Polyamines 
TPO3  Transporter of Polyamines 
TPS1  Trehalose-6-Phosphate Synthase 
TRL1  tRNA Ligase 
TRP1  TRyPtophan 
TRX3  ThioRedoXin 
TSA2  Thiol-Specific Antioxidant 
TSC10  Temperature-sensitive Suppressors of Csg2 mutants 
UFO1  UV-F-box-HO 
UPC2B UPtake Control 
USV1  Up in StarVation 
UTP10  U Three Protein 
UTP19  U Three Protein (NOC4 - NucleOlar Complex associated) 
UTP3  U Three Protein (SAS10 - Something About Silencing) 
UTP4  U Three Protein 
UTP8  U Three Protein 
WAR1  Weak Acid Resistance 
WSC  cell Wall integrity and Stress response Component 
WTM1  WD repeat containing Transcriptional Modulator 
YAP1  Yeast AP-1 
YAP5  Yeast AP-1 
YAP7  Yeast AP-1 
YBT1  Yeast Bile Transporter 
YHB1  Yeast flavoHemogloBin 
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YHK8  Presumed antiporter of the major facilitator superfamily 
YKE2  Yeast ortholog of mouse KE2 
YOR1  Yeast Oligomycin Resistance 
YPK1  Yeast Protein Kinase 
YPK2  Yeast Protein Kinase 
YPS1  YaPSin 
ZCF7  Zinc Cluster Protein
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Candida glabrata is the second most common cause of Candidemia and other forms of 
invasive candidiasis in the western world. It is closely related to model ale yeast 
Saccharomyces cerevisiae and its pathogenic traits differ from the most prevalent fungal 
pathogen Candida albicans. Key problem with C. glabrata is its high tolerance and 
resistance to various antifungal drugs. One of the ways to combat the ever-increasing 
resistance is with the drug combination therapy. Some drug combinations are already present 
in the clinical environment. However, their effect hasn’t been evaluated against the actual 
pathogenic clinical isolates. There are plenty of studies trying to crack the understanding of 
the resistance mechanisms, therefore unique opportunities like an unexpected suppressive 
antagonism between azole antifungals and immunosuppressive mycophenolic acid should 
be explored for the possibility of new understandings and new potential targets for the drug 
development. 
 
1.1 RESEARCH GOALS 
 
1st Goal 
The first goal in this thesis is to study drug combinations between immunosuppressive 
(mycophenolic acid, cyclosporine A, Fk506 and methotrexate) and antifungal (fluconazole, 
itraconazole and amphotericin B) drugs and their potential modulatory effects (antagonistic 
or synergistic) versus clinical isolates of the pathogen Candida glabrata (and to lesser extend 
Saccharomyces cerevisiae). Combined therapies with immunosuppressive and antifungal 
drugs are common in the clinic, but their impact on the survival of the pathogen is in most 
cases ignored.  
 
2nd Goal 
The second goal is to explore underlying mechanisms of the antagonistic interaction between 
mycophenolic acid (MPA) and fluconazole (FLC) (and other azoles) with functional 
genomics. 
 
Possible cause in C. glabrata is the induction of efflux pumps (via pleiotropic drug response) 
by MPA, which lowers bioavailability of FLC and thus induces higher tolerance to the 
antifungal. Another possible mechanism involves rebalancing of the major cellular synthesis 
processes between two perturbations, in this case the equilibrium is achieved through DNA 
(inhibition by MPA) and ergosterol (inhibition by FLC) biosynthesis stress/inhibition. 
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2 OVERVIEW OF THE LITERATURE 
 
2.1 Candida glabrata – INTRODUCTION 
 
Candida glabrata is a small, asexual, haploid yeast pathogen from the Saccharomycetales 
genus and can cause superficial or invasive fungal infections. After Candida albicans it is 
the second most common cause of Candidemia and other forms of invasive candidiasis. 
Around 10-25 % of invasive Candida infections are caused by C. glabrata. They result in a 
very high mortality rate (up to 50 %) and are very difficult to treat because C. glabrata is 
inherently tolerant or resistant to both azole and/or echinocandin antifungals (Pfaller et al., 
2012). C. glabrata is particularly intriguing because it is closer related to the non-pathogenic 
brewer’s yeast Saccharomyces cerevisiae than to its pathogenic cousin C. albicans and 
therefore several of the key virulence factors typical for the C. albicans-like infections are 
missing (Bolotin-Fukuhara and Fairhead, 2014). Crucial virulence traits of C. glabrata 
include the capability to grow at 37 °C or higher; inherent tolerance to azole and 
echinocandin antifungals (Pfaller et al., 2012); large collection of adhesin genes located in 
the subtelomeric region, which are responsible for effective adherence to different surfaces 
(De Groot et al., 2008; Mundy and Cormack, 2009); production of indol pigments, which 
are connected to higher survival rate in stressful environments (Brunke et al., 2010); and its 
ability to survive longer periods of starvation within the acidified phagosomal environment 
(Kasper et al., 2014). 
 
2.1.1 Evolutionary/Phylogenetic Background 
 
C. glabrata was first described by Anderson in 1917 as a commensal yeast species of the 
human gut flora named Cryptococcus glabratus (Anderson, 1917). Later on it was renamed 
into Torulopsis glabrata (Lodder and de Vries, 1938) and finally in 1978 to Candida 
glabrata (Fidel et al., 1999). It didn’t attract much interest until 1980s, when they began to 
identify it as a cause for different fungal infections (Just et al., 1989), and recognized it as 
an emerging pathogen from 1995 on (Hazen, 1995; Bolotin-Fukuhara and Fairhead, 2014). 
 
C. glabrata vs. S. cerevisiae. C. glabrata is closely related to S. cerevisiae - the genome 
sizes are similar (haploid 12.3 Mbp and 13 chromosomes vs. diploid 12.1 Mbp and 16 
chromosomes, respectively) and have a similar GC content (38.8 % and 38.3 %, 
respectively) (Dujon et al., 2004). They have a common ancestor that underwent a whole-
genome duplication (WGD) (Marcet-Houben and Gabaldón, 2015). C. glabrata has all of 
the necessary S. cerevisiae homologues for the mating-type switching, the MAT loci, silent 
HML and HMR cassettes, and even expressed pheromone receptors STE2 and STE3, 
however, as many fungal pathogens, it lacks a sexual cycle (Butler et al., 2009). When 
comparing both genomes it shows that C. glabrata lost many genes. It has far fewer 
ohnologous gene pairs (gene pairs as a consequence of the WGD); has completely lost 
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metabolic pathway for de novo synthesis of nicotinic acid (BNA gene family); has lost 
several known S. cerevisiae gene families (PAU, SNZ/SNO and PHO), and has even fewer 
predicted introns in protein-coding genes (129 compared to 287 in S. cerevisiae) (Gabaldón 
et al., 2013; Bolotin-Fukuhara and Fairhead, 2014). This leaves C. glabrata auxotrophic for 
nicotinic acid, pyridoxine, thiamine and unable to use galactose, however these 
shortcomings can be compensated by the human host environment (Rodrigues et al., 2014). 
On the other hand C. glabrata has more tandem repeats of genes, which encode proteins 
involved in carbon metabolism, and cell wall proteins (EPA gene family)(Gabaldón et al., 
2013), which are often located in the subtelomeric regions of the chromosomes (Fabre et al., 
2005; Bolotin-Fukuhara and Fairhead, 2014).  
 
Figure 1: Phylogenetic overlook of Candida glabrata. 
Slika 1: Filogenetski pregled za kvasovko Candida glabrata 
1A – Phylogeny of Candida and Saccharomyces clade species, the CTG and the WGD clade, respectively 
(Adapted from Butler et al., 2009); 1B – Maximum likelihood species tree of Nakaseomyces clade and its close 
relatives in the WGD clade (Adapted from Gabaldón et al., 2013). 
 
Nakaseomyces clade. C. glabrata is part of the Nakaseomyces clade (Figure 1B) (Kurtzman, 
2003), which includes three additional environmental species, Candida castellii, 
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Nakaseomyces (Kluyveromyces) delphensis, Nakaseomyces (Kluyveromyces) bacillisporus, 
and two pathogens, Candida nivariensis and Candida bracarensis (Alcoba-Flórez et al., 
2005; Correia et al., 2006; Bolotin-Fukuhara and Fairhead, 2014). All of these have similar 
sized haploid genomes, have similar numbers of predicted ORFs and weren’t yet observed 
to form hyphae or pseudohyphae in a natural environment (Gabaldón et al., 2013). Among 
these only C. glabrata is able to utilize trehalose as carbon source (Clark et al., 1978) by 
secreting acid trehalase Ath1, which is understood as an adaptation to the human host (Zilli 
et al., 2015). 
 
C. glabrata vs. C. albicans. As it goes for the comparison to the most common cause of 
Candidemia – C. albicans, C. glabrata lacks two of its very important virulence factors, the 
formation of hyphae (Mayer et al., 2013), and the secretion of aspartic proteases (Saps) 
(Naglik et al., 2003). In fact, C. glabrata and C. albicans belong in two very different clades, 
the whole genome duplication (WGD) clade and the Candida (CTG) clade, respectively 
(Gabaldón et al., 2013; Gabaldón and Carreté, 2016) – as seen in Figure 1A (Butler et al., 
2009). C. albicans and most of the pathogenic Candida species are located in the CTG clade. 
Their common trait is the translation of the CTG codon as serine instead of leucine (Massey 
et al., 2003). Whereas C. glabrata is part of the WGD clade, where members of the group 
have a common ancestor that underwent WGD (Marcet-Houben and Gabaldón, 2015).  
 
2.1.2 C. glabrata in the clinic 
 
Yeast are in most cases part of the regular microflora of the host. This was also believed for 
C. glabrata, when it was first described in the 1917 as a commensal in the human gut 
(Anderson, 1917). However, this was challenged in years to come and today, C. glabrata is 
recognized as an important fungal pathogen. It can cause superficial infections of skin, hair, 
nails and mucosa (Rüping et al., 2008), and can cause life-threatening bloodstream infections 
(BSI), Candidemia, which have a strikingly high mortality rate, up to 50 % (Pfaller et al., 
2012; Pfaller and Diekema, 2007). The main risk factors for Candida BSI occurrence are 
patients with weak immune system, utilization of broad-spectrum antibiotics, central venous 
catheter, H2 blockers, hemodialysis, and Diabetes mellitus (Paphitou et al., 2005; Perlroth 
et al., 2007).  
Before 1990 most cases of Candida BSI were attributed to C. albicans, but the prevalence 
of BSI by non-albicans species of Candida started to steadily grow from then on. By the 
1995 C. glabrata was recognized as an emerging cause of Candidemia (Hazen, 1995) and 
by the year 1999 it became the second most common cause of Candida BSI (Berrouane et 
al., 1999; Kauffman et al., 2000). Reasons for the rise of C. glabrata infections are the 
introduction of fluconazole in 1990 and its wide prophylactic use against fungal infections 
(Berrouane et al., 1999), general higher rate of antifungal use and the resistance of C. 
glabrata to both fluconazole and echinocandins (Silva et al., 2012; Pfaller et al., 2012; 
Pfaller and Castanheira, 2016; Colombo et al., 2017; Alexander et al., 2013), and better 
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identification in the clinic (Liguori et al., 2009). An important note is that the frequency and 
the associated mortality of Candidemia and other forms of invasive candidiasis has not 
decreased over the past two decades despite the introduction of several extended-spectrum 
triazole and echinocandin antifungal drugs for use in prophylaxis, empiric and targeted 
therapy (Pfaller and Diekema, 2007; Pfaller and Castanheira, 2016).  
 
Epidemiology of species causing Candida infections varies around the world. Rough 
summary can be found in Table 1. C. albicans is in general the most common cause of 
infections throughout; Western Europe, Northern Europe, and North America have higher 
rates of C. glabrata infections, where Asia, Southern Europe, and South America tend to 
have higher numbers of Candida parapsilosis and Candida tropicalis infections. The most 
vulnerable are susceptible populations, which include transplant patients, patients with 
AIDS, malignancy, those on immunosuppressive therapy, patients receiving total parenteral 
nutrition, and premature infants (Pfaller and Diekema, 2010; Whaley and Rogers, 2016). In 
some clinical populations, C. glabrata even surpasses C. albicans as the leading cause – 
these include patients with hematologic malignancies, Diabetes mellitus, and patients with 
an abdominal source of infection (Khatib et al., 2016; Segireddy et al., 2011; Hachem et al., 
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Table 1: General overview of Candida spp. infections distribution around the world. 
Preglednica 1: Pregled distribucije okužb s Candida spp. po svetu. 
Region n C. albicans C. glabrata C. parapsilosis C. tropicalis Other 
Western Europe 4704 57.2 % 21.1 % 7.2 % 6.0 % 8.4 % 
Ref.: (Presterl et al., 2007; Lagrou et al., 2007; Holley et al., 2009; Trouvé et al., 2017; Leroy et al., 2009; 
Parmeland et al., 2013; Bougnoux et al., 2008; Cohen et al., 2010; Leroy et al., 2010; Zepelin et al., 2007; 
Schmalreck et al., 2012; Orasch et al., 2014; Das et al., 2011; Kibbler et al., 2003; Rajendran et al., 2016) 
Northern Europe 5660 62.1 % 17.5 % 4.6 % 5.4 % 10.4 % 
Ref.: (Arendrup et al., 2005; Arendrup, Sulim, et al., 2011; Arendrup, Bruun, et al., 2011; Poikonen et al., 
2003; Ásmundsdóttir et al., 2002; Ylipalosaari et al., 2012; Asmundsdottir et al., 2013; Sandven et al., 2006) 
Eastern Europe 98 61.2 % 12.2 % 15.3 % 3.1 % 8.2 % 
Ref.: (Nawrot et al., 2013) 
Southern Europe 3826 49.1 % 11.4 % 24.2 % 8.2 % 7.2 % 
Ref.: (Vardakas et al., 2009; Pratikaki et al., 2011; Dimopoulos et al., 2008; Holley et al., 2009; Montagna 
et al., 2014; Tortorano et al., 2012; Montagna et al., 2013; Bassetti et al., 2011; Luzzati et al., 2015; Bassetti 
et al., 2006; Costa-de-Oliveira et al., 2008; Almirante et al., 2005; Ramos-Martínez et al., 2017; Pemán et 
al., 2012; Puig-Asensio et al., 2014) 
North America 8259 50.7 % 22.0 % 12.0 % 8.5 % 6.8 % 
Ref.: (Hajjeh et al., 2004; Pfaller et al., 2014; Labbé et al., 2009; Wisplinghoff et al., 2004) 
South America 515 35.7 % 7.8 % 26.5 % 23.0 % 7.0 % 
Ref.: (Hoffmann-Santos et al., 2013; Corzo-Leon et al., 2014; Bustamante et al., 2014; Rodriguez et al., 
2017) 
Turkey 1467 48.0 % 4.8 % 18.5 % 14.9 % 13.8 % 
Ref.: (Çiçek et al., 2015; Horasan et al., 2010; Dizbay et al., 2010; Gürcüoğlu et al., 2010) 
India 1011 20.0 % 6.7 % 9.6 % 42.7 % 21.0 % 
Ref.: (Awasthi et al., 2011; Oberoi et al., 2012; Chander et al., 2013; Juyal et al., 2013) 
Taiwan 1411 44.6 % 15.0 % 10.8 % 22.8 % 6.9 % 
Ref.: (Hii et al., 2015; Chen et al., 2017; Huang et al., 2014; Tang et al., 2014) 
China 220 39.5 % 14.5 % 26.4 % 15.0 % 4.6 % 
Ref.: (Michael A Pfaller et al., 2015) 
South Africa 268 45.7 % 21.8 % 25.3 % 3.5 % 3.7 % 
Ref.: (Kreusch and Karstaedt, 2013) 
 
2.1.3 Major virulence traits  
 
For C. glabrata we have recognized several virulence traits. This segment is reserved for a 
brief overview of its adhesion and biofilm formation, pigmentation and adaptable response 
to environmental stress like survival in macrophages, and other specific host interactions. 
Since the resistance to azole antifungals is the main topic of this work it will therefore be 
covered more in depth in the next chapter. 
 
Adhesion and biofilm formation. C. glabrata has a large Epa protein family of adhesins, 
which are related to flocculation proteins (Flo) of S. cerevisiae. Depending on an isolate, C. 
glabrata has between 17-24 genes in this family (Gabaldón et al., 2013), and their products 
allow adhesion to epithelial cells (Cormack et al., 1999; Castaño et al., 2005), macrophages 
(Kuhn and Vyas, 2012), and biomaterials (De Groot et al., 2008). They are part of the 
glycosylphosphatidylinositol-dependent cell wall proteins (GPI-CWPs) and are mostly 
located in the subtelomeric regions (De Groot et al., 2008; Mundy and Cormack, 2009). 
Deletion of EPA1 has the most effect for in vitro adhesion (De Las Peñas et al., 2003), yet 
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EPA6 and EPA7 play a major role during in vivo urinary infection, which suggests that C. 
glabrata is able to adapt to different environments (Domergue et al., 2005). 
 
EPA6 and EPA7 are located in the subtelomeric region and their transcription is regulated 
by subtelomeric silencing by Sir-complex (De Las Peñas et al., 2003). Sir-complex includes 
Sir2, which is NAD+-dependent, and because nicotinic acid is a precursor to NAD+ and C. 
glabrata is an auxotroph, low levels of nicotinic acid decrease availability of NAD+ for Sir2 
and therefore stop the subtelomeric silencing, which leads to an increased expression of 
EPA6 and EPA7 (Gabaldón et al., 2013). This leads to increased adherence in an 
environment of low nicotinic acid concentrations like the urinary tract (Domergue et al., 
2005). 
 
Adherence is the first and crucial step in the biofilm formation. Biofilm is a three-
dimensional community of microorganisms and offers ecological advantage, increased 
survival by allowing them to evade host immune mechanisms, increased resistance to 
antifungals, and to compete with other microorganisms on several different surfaces (Silva 
et al., 2011). In comparison to other Candida spp., C. glabrata biofilms have the lowest 
metabolic activity and the highest cell count, which could explain its adaptation to inhabit 
biomaterials on medical devices (Silva et al., 2011; Rodrigues et al., 2014). 
 
Pigmentation. Pigments have a wide range of applications in nature and can be produced 
by many fungal pathogens, including important human pathogens such as Cryptococcus 
neoformans, Histoplasma capsulatum, and Aspergillus fumigatus, where they are recognized 
as virulence factors (Butler et al., 2009). In these species the pigment production is based on 
the synthesis of melanin, which makes the pigmentation in C. glabrata even more intriguing, 
because it is derived from tryptophan as a sole nitrogen source and is similar to pigments 
produced by skin pathogen Malassezia furfur (Mayser et al., 2007). These pigments are 
composed of a wide range of indolic compounds and protect cells against UV light, induce 
apoptosis in human melanocytes, and suppress the oxidative burst by phagocytes (Mayser et 
al., 2007). Because C. glabrata is missing kyneurine pathway, tryptophan can only be taken 
via deamination by Aro8 and further on catabolized via the Ehrlich pathway (Brunke et al., 
2010). The pigments seem to be a by-product of this route, even thou it has been shown that 
they protect C. glabrata against hydrogen peroxide and ROS produced by neutrophils, and 
that the pigmented C. glabrata can cause more damage to epithelial cells than non-
pigmented (Brunke et al., 2010). In similar fashion as tryptophan, C. glabrata can also 
uptake histidine as sole nitrogen source, which is shared with C. albicans and not S. 
cerevisiae. This might indicate a pathogen specific trait to use a broad range of various 
nitrogen sources as an adaption to the mammalian host (Brunke et al., 2014). 
 
Response to environmental stress. C. glabrata has a high tolerance to antifungals and other 
stresses like heat, high osmolarity or ROS. This tolerance and stress responses differ from 
the know resistance mechanisms to certain antifungals. Sensing and responding to 
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damage/stress is connected with a wide array of signaling pathways of different mitogen 
activated protein kinases (MAPK) (Herskowitz, 1995; Saito, 2010; Qi, 2005). MAPK 
modules are conserved three-kinase cascades and serve as central roles in intracellular signal 
transduction in eukaryotic cells (Saito, 2010). 
 
Five MAPK interconnected signal pathways have been described in S. cerevisiae and are 
illustrated in Figure 2 (Waltermann and Klipp, 2010). Fus3, Kss1 MAPK are involved in 
mating pathways; Kss1 is also involved with filamentous growth and cell wall integrity 
(CWI) pathways; Hog1 plays a role with high osmolarity, oxidative and citric acid stress 
pathways; MAPK Slt2 and Mpk1 are activated by Wsc cell wall integrity sensors; Smk1 is 
involved in sporulation pathway; Ste11 with mating, filamentous growth and high 
osmolarity pathways; and Ste7 in mating and filamentous growth (Qi, 2005; Saito, 2010; 
Waltermann and Klipp, 2010). C. glabrata has homologues for all of the above and with 
similar functions confirmed for the CWI pathway (Miyazaki et al., 2010; Miyazaki et al., 
2011). Going further, the CWI pathways is also involved in the higher tolerance of S. 
cerevisiae to caspofungin (Reinoso-Martín et al., 2003). 
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Figure 2: Schematic representation of the main yeast signaling system of MAPK pathways (Waltermann and 
Klipp, 2010). 
Slika 2: Shema glavnih signalih MAPK poti v kvasovkah (Waltermann in Klipp, 2010). 
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These pathways play an integral part in modulating drug resistance – Figure 3. For example 
the Wsc family and Mid2 membrane sensors detect changes in cell wall and trigger the Pkc1 
pathway, which has a primary role in response to azoles and echinocandins (Kołaczkowska 
and Kołaczkowski, 2016). 
 
Figure 3: Schematic representation of Pkc1 cell wall integrity, calcineurin and TORC2 signaling pathways 
involved in modulation of drug resistance (Kołaczkowska and Kołaczkowski, 2016). 
Slika 3: Shema signalnih poti kalcinurina, TORC2 in Pkc1 za integriteto celične stene, ki so udeležene pri 
modulaciji odpornosti na zdravila (Kołaczkowska in Kołaczkowski, 2016). 
 
Survival in macrophages and infection strategies. C. glabrata is well adapted to survive 
inside macrophages. Summary of the infection strategy of C. glabrata and its survival inside 
macrophages is shown in Figure 4. In short, C. glabrata, although it’s phagocytosed, doesn’t 
induce a strong proinflammatory cytokine response. It actually inhibits the maturation of the 
macrophages, and even persists and multiplies inside them. This is understood as one of the 
key strategies of its immune response evasion and a way to disseminate throughout the host. 
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C. glabrata infections are usually accompanied with low immune activation, inflammation, 
and low host tissue damage (Kasper et al., 2015). 
 
Figure 4: Schematic overview of C. glabrata infection strategies and survival inside macrophages (Kasper et 
al., 2015). 
Slika 4: Shema strategij infekcije kvasovke C. glabrata in njenih načinov preživetja znotraj makrofagov 
(Kasper in sod., 2015). 
 
2.2 RESISTANCE TO ANTIFUNGALS 
 
There are 4 drug classes for systemic treatment of Candida infections: azoles (fluconazole, 
itraconazole, isavuconazole, posaconazole, and voriconazole), polyenes (amphotericin B), 
echinocandins (anidulafungin, caspofungin, and micafungin), and pyrimidine analogue 
flucytosine. Among these, only members of the first three classes are licensed for 
monotherapy against Candida infections, and only fluconazole (FLC) and echinocandins are 
recommended as first-line agents for invasive candidiasis (Arendrup and Patterson, 2017). 
Table 2 shows the breakpoint values for drug resistance interpretation throughout most 
common Candinda spp. pathogens (EUCAST, 2017). This work will mainly focus on azole 
resistance, but first we will examine all drug classes and resistance mechanisms connected 
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Table 2: Breakpoints to interpret minimal inhibitory concentrations (mg/L) (EUCAST, 2017). 
Preglednica 2: Mejne vrednosti za razlago minimalnih inhibitornih koncentracij (mg/L) (EUCAST, 2017). 
Candida spp. Antifungal drug* Breakpoints** 
  S R 
C. albicans FLC ≤ 2 ≥ 4 
 VRC ≤ 0.125 ≥ 0.125 
 ITC ≤ 0.064 ≥ 0.064 
 AFG ≤ 0.032 ≥ 0.032 
 AMB ≤ 1 ≥ 1 
C. glabrata FLC ≤ 0.002 ≥ 32 
 VRC ≤ 1 ≥ 1 
 ITC ≤ 2 ≥ 2 
 AFG ≤ 0.064 ≥ 0.064 
 AMB ≤ 1 ≥ 1 
C. krusei FLC / ≥ 128 
 VRC ≤ 1 ≥ 1 
 ITC ≤ 1 ≥ 1 
 AFG ≤ 0.064 ≥ 0.064 
 AMB ≤ 1 ≥ 1 
C. parapsilosis FLC ≤ 2 ≥ 4 
 VRC ≤ 0.125 ≥ 0.125 
 ITC ≤ 0.125 ≥ 0.125 
 AFG ≤ 0.002 ≥ 4 
 AMB ≤ 1 ≥ 1 
C. tropicalis FLC ≤ 2 ≥ 4 
 VRC ≤ 0.125 ≥ 0.125 
 ITC ≤ 0.125 ≥ 0.125 
 AFG ≤ 0.064 ≥ 0.064 
 AMB ≤ 1 ≥ 1 
FLC – fluconazole, VRC – voriconazole, ITC – itraconazole, AFG – anidulafungin, AMB – amphotericin B 
S – susceptible, R – resistant 
 
Low susceptibility and mutator genotype. One of the main problems with C. glabrata is 
its intrinsic low susceptibility to azole antifungals (Vermitsky and Edlind, 2004), and the 
widespread use of azoles has been connected with emergence of the less susceptible species, 
especially in specific patient populations such as in the field of transplantations, where azole 
use for prophylaxis and treatment of infections is widespread and long-term (Westbrook et 
al., 2007; Arendrup and Patterson, 2017).  
 
C. glabrata has a prevalent mutator genotype – haploid genome combined with MSH2 DNA 
mismatch repair gene mutations. These mutations were found in more than 50% of clinical 
C. glabrata isolates and promote rapid acquisition of not only resistance to FLC, but also to 
echinocandins and/or amphotericin B (AMB), flucytosine (5FC) via rapid development of 
different underlying resistance mechanisms for each drug (Healey et al., 2016). Increasing 
reports of multidrug resistant (MDR) strains combined with a limited amount of drug classes 
presents a serious healthcare threat (Arendrup and Patterson, 2017). One such report is a 
strain that acquired resistance to azole, echinocandin and 5FC antifungals via mutations in 
FUR1 and overexpression of CDR1 and CDR2 efflux pumps during 20 weeks of antifungal 
therapy in a hematopoietic stem cell transplant patient (Chapeland-Leclerc et al., 2010). 
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There is a report, where 36% of azole resistant C. glabrata strains were resistant to 
echinocandins as well (Pham et al., 2014). This mutator genotype could explain some of the 
reports why echinocandin resistance has been associated to prior FLC exposure (Shields et 
al., 2014; Jensen et al., 2016; Arendrup and Patterson, 2017). 
 
Echinocandins. Echinocandins are large lipopeptide molecules that stop the synthesis of β-
(1,3)-D-glucan via noncompetitive inhibition of its synthase. The depletion of this crucial 
cell wall component leads to weaker cell wall and makes fungal cells more vulnerable to 
external stress, which leads to cell death (Douglas et al., 1997; Denning, 2003). Chemical 
structures of the three currently in use echinocandins are in Figure 5. Their administration is 
intravenous, however new variants, suitable for oral use, are being developed and tested 
(Wiederhold and Patterso, 2015). Echinocandins are generally well tolerated by patients but 
there is an increasing number of reported resistance in C. glabrata (Pfaller et al., 2012; 
Pfaller and Castanheira, 2016). Resistance is achieved through mutations on 2 hot spot 
regions of target genes FKS1 and FKS2, and a single mutation can lead to resistance to 
several echinocandins and each mutation can bring different levels of resistance (Arendrup 
et al., 2012). 
 
Figure 5: Chemical structures of echinocandins (Denning, 2003). 
Slika 5: Kemijske strukture ehinokandinov (Denning, 2003). 
 
Amphotericin B. AMB is a polyene that binds to ergosterol and in consequence creates ion 
pores through the membrane, leading to loss of intracellular compounds and cell death 
(Arendrup and Patterson, 2017). It is a potent and very effective antifungal for more than 50 
years, typically administered intravenous. Unfortunately it also has side effects such as 
nephrotoxicity (Deray, 2002). Resistance, although rare, is achievable through mutations in 
ergosterol biosynthesis pathway via combined mutations in ERG11 and in ERG3 or ERG5, 
and single mutations in ERG6 or in ERG2 (Vandeputte et al., 2008; Claire M Martel et al., 
2010; Claire M. Martel et al., 2010; Hull et al., 2012; Arendrup and Patterson, 2017). 
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Figure 6: Chemical structure of Amphotericin B (The chemistds, 2012). 
Slika 6: Kemijska struktura amfotericina B (The chemistds, 2012). 
 
Flucytosine. 5FC is a pyrimidine analogue, which fungal cells actively uptake via FCY2 
permease and subsequently convert to 5-fluorouracil or to 5-fluorouridine monophosphate 
by the enzyme cytosine deaminase (FCY1) or uracil phosphoribosyltransferase (FUR1), 
respectively, and this inhibits transcription, DNA replication and protein synthesis 
(Arendrup and Patterson, 2017). Resistance is gained through mutations on FCY2, FCY1 or 
FUR1 genes (Erbs et al., 1997; Charlier et al., 2016) and/or is affected by changes in arginine 
homeostasis, cell wall remodeling, and in changes of aquaglyceroporins from the Fps family 
(Costa et al., 2015). Resistance usually develops rapidly, if used as a monotherapy, therefore 
it is only used in combination with AMB for serious Candida infections (Barchiesi et al., 
2000; Fisher et al., 2011). 
 
2.2.1 Resistance to azoles  
 
Azole antifungals are the most frequent class used to treat Candida infections. FLC is the 
most widely prescribed antifungal, it is inexpensive and available for both oral and 
intravenous administration without serious side effects, but C. glabrata intrinsic low 
susceptibility (Vermitsky and Edlind, 2004), and the growing rate of resistance have greatly 
limited azole utility (Whaley and Rogers, 2016). There are 2 subgroups, with triazole or 
imidazole rings, which differ in their chemical structure and their interaction with CYP51 
by binding to heme group with the nitrogen at N-4 or N-3, respectively (Lupetti et al., 2002; 
Cowen, 2008). Their chemical structure and binding sites are illustrated in Figure 7. 
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Figure 7: Fluconazole, itraconazole and ketoconazole, and their binding sites. 
Slika 7: Flukonazol, itrakonazol in ketokonazol ter njihova vezavna mesta. 
Fluconazole and itraconazole have two triazole rings each, ketoconazole one imidazole ring; heme group 
CYP51 binding sites are marked with N-4 and N-3, respectively (Adapted from Lupetti et al., 2002). 
 
CYP51 14-α demethylase in C. glabrata is encoded by ERG11. Erg11 converts lanosterol 
into C14-demethyl-lanosterol, which is the key step in the biosynthesis of ergosterol 
(Whaley and Rogers, 2016). Inhibition of this step blocks the production of ergosterol and 
causes accumulation of a toxic sterol intermediate (Cowen, 2008). 
 
Figure 8: Mode of action for azole antifungals (Cowen, 2008). 
Slika 8: Način delovanja azolnih antimikotikov (Cowen, 2008). 
 
When Erg11 is inhibited, it leads Erg24, instead of converting C14-demethyl-lanosterol to 
fecosterol, to convert lanosterol to 14α-methylfecosterol, and desaturase Erg3 then proceeds 
to convert 14α-methylfecosterol to cytotoxic 14α-methyl-3,6-diol (Lupetti et al., 2002). 
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2.2.1.1 The Pdr1 response 
 
The most frequently reported C. glabrata azole resistance mechanism in clinical isolates are 
the activating mutations in the transcription factor PDR1 (Pleiotropic Drug Response), 
which leads to overexpression of efflux pumps. The mutations result in various distinct 
patterns of altered gene expression among Pdr1 targets (Whaley and Rogers, 2016). 
 
Efflux pumps. Pdr1 positively regulates several efflux pumps. Among these, the main ones 
that remove azole antifungals from the cell, are the ATP-binding cassette (ABC) transporters 
Cdr2/Pdh1 (Miyazaki et al., 1998), Cdr1 (Sanglard et al., 2001) (for Candida drug resistance, 
both homologues of ScPDR5 in S. cerevisiae), and Snq2 (Torelli et al., 2008) (sensitivity to 
4-nitroquinoline-n-oxide, also has a homologue with the same name in S. cerevisiae). 
Another pump involved in resistance to certain azoles is from the major facilitator 
superfamily (MFS) transporter encoded by QDR2 (Vermitsky et al., 2006) (Quinidine 
resistance, homologue ScQDR1 in S. cerevisiae) – overexpression of this drug:H+ antiporter 
decreased sensitivity to ketoconazole, miconazole, and clotrimazole (Costa et al., 2013). 
Another set of drug:H+ antiporters and regulated by Pdr1 are TPO1_1 and TPO1_2 
(Transporter of polyamines, homologue ScTPO1 in S. cerevisiae), which offer resistance to 
clotrimazole (Pais, Costa, et al., 2016), and TPO3 (homologue ScTPO2 in S. cerevisiae), 
which offers resistance to clotrimazole and FLC (Costa et al., 2014; Costa et al., 2016). 
 
Figure 9: ABC and MFS transporters (Cannon et al., 2009). 
Slika 9: ABC in MFS transporterji (Cannon in sod., 2009). 
 
Regulation of Pdr1. PDR1 has two homologues in S. cerevisiae (ScPDR1 and ScPDR3), 
which are both transcriptional factors that regulate expression of efflux pumps. The binding 
sites for Pdr1 are called pleiotropic drug response elements (PDRE) – Figure 10. It was 
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shown that the promoter regions of PDR1 and the efflux pumps contain PDRE (Paul et al., 
2011) and that the Pdr1 binds directly to PDRE in promoters of CDR1, PDH1, SNQ2, QDR2, 
and other members of the Pdr1 regulon (Paul et al., 2014; Whaley and Rogers, 2016). 
 
Figure 10: Potential DNA binding site motif for the PDRE (De Boer and Hughes, 2012). 
Slika 10: Predviden PDRE motiv za vezavo na DNA (De Boer in Hughes, 2012). 
 
Pdr1 is activated by binding of FLC or other xenobiotics directly to it. Gal11a is a co-
activator for the drug-dependent activation. It interacts with Pdr1 through binding domain 
that is similar to the KIX domain in humans. It is a subunit of the tail part of the Mediator 
complex, which interacts with RNA polymerase II to regulate transcription (Thakur et al., 
2008). Another three subunits of the Mediator complex have been identified as required in 
azole resistance – their deletion leads to increased sensitivity: Med2 and Pgd1, both in the 
tail part of the Mediator (Borah et al., 2011), and Nut1 (and Srb8 – suppressor of RNA 
polymerase B) (Borah et al., 2014). It is possible to chemically inhibit the interaction 
between the KIX domain of Gal11A and Pdr1 thus overcoming Pdr1-mediated azole 
resistance – Figure 11 (Nishikawa et al., 2016). 
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Figure 11: Mediator complex and its inhibition by the chemical iKIX1 stopping the binding of Gal11a-
Mediator to Pdr1, thus preventing the upregulation of Pdr1 target genes (Nishikawa et al., 2016). 
Slika 11: Mediator kompleks in inhibicija vezave Gall1a-Mediator kompleksa na Pdr1, kar prepreči povečano 
ekspresijo ciljnih genov Pdr1 (Nishikawa in sod., 2016). 
 
Negative regulators of Pdr1 include Stb5, which forms a hetero-dimer with Pdr1 before 
binding to efflux pumps (Akache et al., 2004; Noble et al., 2013); and Hst1 (ScSir2 
homologue in S. cerevisiae). The latter is part of the sirtuins class of proteins – NAD+ 
dependent deacetylases (Ma et al., 2009) and functions in a complex with Sum1 and Rfm1 
(the Hst1-Rfm1-Sum1 complex) – deletion of any member results in decrease of FLC 
susceptibility (Orta-Zavalza et al., 2013). 
 
2.2.1.2 Other mechanisms for azole resistance 
 
Petite mutants. Petite mutants are respiratory deficient and lack mitochondrial DNA, but 
show resistance to azoles (Defontaine et al., 1999). They have increased expression of CDR1 
and PDH1 efflux pumps through induction by Pdr1 (Tsai et al., 2006). Petite mutants also 
have proportionally less intermediates from the ergosterol biosynthesis pathway compared 
to the normal levels, even thou there were no alterations of ERG11 expression or sequence 
(Brun et al., 2004; Whaley and Rogers, 2016). 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  





Figure 12: Pathways linking mitochondrial dysfunction to the activation of PDR regulon aren’t well 
understood (Shingu-Vazquez and Traven, 2011). 
Slika 12: Poti, ki povezujejo mitohondrijsko disfunkcijo z aktivacijo PDR regulona, niso dobro razumljene 
(Shingu-Vazquez in Traven, 2011). 
 
Changes to ERG11. A more commonly reported mechanism of resistance to azoles in other 
species, like C. albicans, are point mutations or increased expression of target gene 
CaERG11 (Whaley et al., 2017). Mutations happen on 3 hot spot regions of CaERG11 and 
they inhibit the binding of azoles to the target protein (Marichal et al., 1999). Upregulation 
of CaERG11 happens through activating mutations in the transcriptional regulator CaUpc2, 
which is part of the Upc2/Ecm22 ERG gene regulator pair (homologue by the same name in 
S. cerevisiae) (MacPherson et al., 2005). However, C. glabrata clinical isolates do not 
appear to utilize azole resistance mechanisms that involve mutations or changes in the 
expression of genes in the ergosterol biosynthesis pathway (Sanguinetti et al., 2005). 
 
Changes to ERG3. Inactivation or deletion of ERG3 prevents the cytotoxic sterol 14α-
methyl-3,6-diol to be even created. However this event is even rarer in the clinic and was 
described in only a few C. albicans isolates (Morio et al., 2012; Whaley et al., 2017).  
 
Changes to sterol composition. The sterol composition can be changed via regulation of 
the sterol biosynthesis pathway, by drugs, or by uptake of exogenous sterols. Regulation is 
controlled via transcriptional factor Upc2A (Nagi et al., 2011) and its deletion increases 
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susceptibility to azoles (Whaley et al., 2014). C. glabrata is able to uptake exogenous sterols, 
which alters its cell membrane sterol composition and allows it to evade the azole drug 
inhibition (Nakayama et al., 2000). It can uptake exogenous sterols in both aerobic and 
anaerobic conditions, and in the presence of serum and FLC (Zavrel et al., 2013). There were 
reported clinical isolates that used cholesterol as a sterol (Hazen et al., 2005) and could grow 
in the presence of cholesterol, human serum, or bovine serum (Bard et al., 2005). Aus1 is 
the main exogenic sterol transporter (Nakayama et al., 2007) and it’s inhibition could prevent 
this type of azole resistance (Whaley and Rogers, 2016). 
 
Heteroresistance phenotype. This refers to a phenomenon where subpopulations of 
seemingly isogenic microbes exhibit a range of susceptibilities to a particular drug – in 
practice this results in treatment failure and selection for more resistant populations (El-
Halfawy and Valvano, 2015). The phenomenon occurs with C. glabrata as well. It has the 
ability to develop resistance during azole therapy (Whaley and Rogers, 2016). Out of 52 
isolates tested for FLC susceptibility, 30 were reported to show heteroresistance to FLC and 
didn’t have activating mutations in PDR1 (Ben-Ami et al., 2016). 
 
2.3 DRUG COMBINATIONS 
 
The development and discovery of new antifungal drugs is, compared to the development of 
new antibiotics, even slower, and the growing resistance is consequently reducing the 
efficacy of the already available antifungals (Pierce and Lopez-Ribot, 2013). Lack of new 
antifungals and limited therapeutic options are forcing us to adapt new strategies to fight this 
problem (Cui et al., 2015). Such strategies include various drug combinations with outcomes 
that can be classified as synergistic, additive or antagonistic based on whether the combined 
effect of the two perturbations is greater, equal or less than the predicted individual effects 
– Figure 13 (Yeh et al., 2009). 
 
Figure 13: Interpretation of modulatory effects of drug interactions (Bollenbach, 2015). 
Slika 13: Interpretacija modulatornih učinkov kombinacije zdravil (Bollenbach, 2015). 
Loewe additivity: Interpretations are defined by the shape of lines of equal effect in two-drug concentration 
space. We see growth rate and the MIC line in two-dimensional concentration space of drugs A and B. For 
additive effect there is a linear interpolation between the MICs of the single drugs; For synergistic and 
antagonistic the MIC line lies below or above the additive expectation, respectively (Loewe, 1928). 
Suppression is a hyper-antagonistic interaction, where drug A alleviates the effect of drug B. Bliss 
independence: Insets show growth rates compared between samples in the absence of drugs (‘0’), and fixed 
concentrations of drugs A and B individually and combined (‘A+B’). The dashed horizontal line in insets 
indicated the additive expectation, below or above it is synergistic and antagonistic, respectively (Bliss, 1939). 
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2.3.1 Synergistic interactions 
 
Synergistic drug combinations are usually the desired ones and sought after. The idea is to 
target 2 or more drug targets/virulence traits simultaneously. This approach can potentially 
overcome resistance in resistant isolates, reduce the dose of single drug usage, and increase 
its efficiency, whereas also lowering potential toxic side-effects, and slow down the 
development of drug resistance (Lewis and Kontoyiannis, 2001). To get them used in the 
clinic, the drug combinations have to go through in vitro testing, in vivo animal model 
validations, and the clinical trials (Cui et al., 2015).  
 
Combination of 2 commercial antifungals. Combining 2 or more antifungal drugs to 
control severe invasive infections has already been adapted in the clinic. The combination 
of 5FC and AMB is recommended by Infectious Diseases Society of America (Pappas et al., 
2015), due to a high rate of resistance during 5FC monotherapy (Barchiesi et al., 2000). 
Other combinations that went through clinical trials include 5FC + azoles (Scheven et al., 
1992), AMB + azoles (Rex et al., 2003), terbinafine + ITC or FLC (Ghannoum and Elewski, 
1999), and mycograb + lipid-associated AMB (Pachl et al., 2006). However there is little 
role besides 5FC + AMB for this combinations in practice, especially as echinocandins 
present a safe and effective alternative (Pappas et al., 2015). 
 
Synthetic lethality. Synthetic lethality is understood as a genetic interaction between 2 
genes, when a phenotype by the 1st mutation is exacerbated by the 2nd mutation in such way 
that the combined effect greatly exceeds the sum of the individual effects (Costanzo et al., 
2010; Roemer and Boone, 2013). This opens a potential to harness this landscape of 
synthetic lethality to discover new combinations and provides a pathway to understand the 
underlying mechanism. 
 
One such example is the synthetic lethality between FKS1 (β-(1,3)-D-glucan synthase and 
the target of echinocandins) and CHS3 (chitin synthase required for the synthesis of the cell 
wall component chitin) (Costanzo et al., 2010). Inhibitors of chitin synthases (for example 
nikkomycin) are synergistic when combined with caspofungin against several fungal 
pathogens (Sandovsky-Losica et al., 2008; Verwer et al., 2012). 
 
Target specific inhibitors. Usually combined with commercial antifungals, these include 
(Robbins et al., 2016): 
- Hsp90 inhibitors (Cowen, 2013; Veri and Cowen, 2014). Hsp90 is an essential 
chaperon that regulates several proteins. It regulates responses to stress induced by 
antifungals through downstream effectors calcineurin and protein kinase C (PKC) 
signaling (Mkc1 MAPK of the Pkc1 cell wall integrity pathway) (Singh et al., 2009; 
LaFayette et al., 2010). 
- Calcineurin inhibitors (Steinbach et al., 2007). Calcineurin is a principal regulator of 
cellular stress responses in eukaryotes. In pathogenic fungi it regulates several 
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physiological processes like cell cycle progression, cation homeostasis, 
morphogenesis, virulence, and antifungal drug responses (Steinbach et al., 2007).  
- Protein kinase C (PKC) inhibitors (LaFayette et al., 2010). Part of the regulatory 
circuitry of Hsp90 and calcineurin, which regulates drug resistance (LaFayette et al., 
2010). 
- KATs/KDACs (lysine acetyltransferases/lysine deacetylases) inhibitors (M. A. 
Pfaller et al., 2015; Kuchler et al., 2016). Virulence and pathogen fitness is also 
controlled via chromatin through nucleosome remodeling and assembly pathways 
(Rai et al., 2012), thus several KARs and KDACs control fungal virulence (Hnisz et 
al., 2011; Robbins et al., 2012). 
- Inhibition of ADP-ribosylation factors (ARF) (Epp et al., 2010). CaAGE3 encodes 
ARF GTPase activating effector protein, which is crucial for azole and echinocandin 
tolerance. It overrides common drug resistance mechanisms and other key regulators 
of azole/echinocandin tolerance (Epp et al., 2010). 
- Disruption of cytoplasmic ionic homeostasis (Gamarra et al., 2010; Xu et al., 2011; 
Kobayashi et al., 2011; Fiori and Van Dijck, 2012). 
- Inhibitors of interaction between Gal11A Mediator complex and Pdr1, which inhibits 
azole efflux pump expression (Nishikawa et al., 2016). 
- Targeting membrane function or sphingolipid biosynthesis (Robbins et al., 2015; 
Spitzer et al., 2011). Sphingolipids are eukaryotic membrane components with a 
central role in signal transduction, cell regulation, and virulence in pathogenic fungi 
(Thevissen et al., 2007). 
 
Patented. Some of the synergistic combinations (24) are patented for their 
pharmacodynamic potentiation and/or pharmacokinetic actions. Most of them have a 
commercial antifungal as the main drug. The second component is a bit more diverse, it is 
either a modifier of proton homeostasis, an antibody, an adhesion inhibitor or a keratinolytic 
agent that improves the skin penetration (Svetaz et al., 2016). 
 
2.3.2 Antagonistic interactions 
 
Antagonistic interaction between drugs are usually somewhat overlooked, because they are 
harder to detect via high-throughput experiments and generally not as applicable as 
synergistic ones. Still they are invaluable tools for uncovering biological functions and 
network architecture (Yeh et al., 2009). 
 
Antagonism can occur in a few different ways. 1) Co-equality (Onge et al., 2007) or non-
directional buffering (Segrè et al., 2005), where two enzymes of the same linear metabolic 
pathway or between two components of the same protein complex are inhibited (Segrè et al., 
2005). 2) Directional buffering, where perturbations that cause partial loss in two different 
functions that are both essential for growth and the combined effect of the two perturbations 
is equal to the most limiting of the two (Segrè et al., 2005). 3) Induction of the resistance 
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mechanism, where one perturbation enhances/triggers the drug response mechanism to 
counter the first drug perturbation (Henry et al., 1999). 4) Through rebalancing of the major 
cellular synthesis processes between two perturbations (Bollenbach, 2015), for example 
between DNA synthesis inhibitors and translation inhibitors, where non-optimal regulation 
of ribosome production under DNA stress results in a costly, excessively high global protein 
synthesis rate, which is corrected by the translation inhibitor, resulting in antagonistic 
suppression (Bollenbach et al., 2009). 
 
Antagonistic interactions even have potential for clinical application, by potentially 
controlling via suppressive antagonism the selection against resistant microorganisms and 
thus slowing down the evolution of drug resistance (Chait et al., 2007) – Figure 14. 
 
Figure 14: Suppressive drug combinations can reverse selection for resistance (Yeh et al., 2009). 
Slika 14: Supresiven antagonizem lahko zmanjša selekcijo v smer odpornih organizmov (Yeh in sod., 2009). 
Direct competition of doxycycline-sensitive (doxS) vs. doxycycline-resistant (doxR) Escherichia coli strains 
showed (via different labelling and flow cytometry) selection against resistance. In the synergistic drug 
environment (doxycycline-erythromycin), resistant strains always outcompeted the susceptible strains, but in 
the antagonistic suppression drug environment (doxycycline-ciprofloxacin), sensitive strains outcompeted the 
resistant ones under certain drug ratios (Chait et al., 2007; Yeh et al., 2009).  
 
The only antagonistic mechanism described in C. glabrata thus far is the induction of PDR1 
by 5FC and subsequent overexpression of efflux pumps, which lowers the susceptibility to 
azoles (Siau and Kerridge, 1999; Steier et al., 2013; Alves et al., 2012). 
 
2.3.3 Immunosuppressive drugs 
 
Drug combinations take place in the clinical environment all the time, although they often 
get overlooked, and the treatments can become problematic because of unexpected 
interactions. When observing possible side effects of certain drug-drug interactions it is 
usually the host, who is in the focus. The pathogens and their role in these interactions are 
rarely taken into consideration (Nett and Andes, 2016). One such instance of simultaneous 
therapy, where several drugs overlap, is the highly vulnerable group of patients on 
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immunosuppressive drugs, which are frequently combined with antifungal prophylaxis or 
therapy (Pfaller and Castanheira, 2016). Chemical structures of the immunosuppressive 
agents focused in this work are in Figure 15. 
 
Figure 15: Chemical structure of Fk506, Cyclosporine A, Methotrexate, and Mycophenolic acid (Meodipt, 
2007; Yikrazuul, 2008b; Yikrazuul, 2008a; Fuse809, 2014). 
Slika 15: Kemijske strukture Fk506, ciklosporina A, metotreksata in mikofenolne kisline (Meodipt, 2007; 
Yikrazuul, 2008b; Yikrazuul, 2008a; Fuse809, 2014). 
 
Calcineurin inhibitors. Calcineurin is highly conserved eukaryotic serine-threonine-
specific Ca2+-calmodulin-activated protein phosphatase that is important at mediating cell-
stress responses (Klee et al., 1979). In mammals it is crucial for the developing and 
proliferation of T cells – Figure 16 (Steinbach et al., 2007). Immunosuppressants 
Cyclosporine A (CsA, polyketide) and Tacrolimus (Fk506, polyketide) target calcineurin 
and thus inhibit the production of interleukin-2 (IL-2), molecule that promotes the 
development and proliferation of T cells (Clipstone and Crabtree, 1992). They are mainly 
used in organ transplantations (Steinbach et al., 2007). 
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Figure 16: Mammalian calcineurin signaling pathway in T cells (Steinbach et al., 2007). 
Slika 16: Kalcinurinska signalna pot v sesalskih T celicah (Steinbach in sod., 2007). 
 
Calcineurin is highly conserved in fungal cells and has an important role in signaling for 
several processes – Figure 17. It is crucial for survival during membrane stress in C. albicans 
(Cruz et al., 2002). Calcineurin inhibitors have antifungal properties as well and there is a 
strong synergistic effect between antifungals and calcineurin inhibitors (Steinbach et al., 
2007; Yu et al., 2015; Li et al., 2015; Denardi et al., 2015). 
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Figure 17: Calcineurin signaling pathway in S. cerevisiae (Yu et al., 2015). 
Slika 17: Kalcinurinska signalna pot v kvasovki S. cerevisiae (Yu in sod., 2015). 
 
Antifolates. Antifolates are a group of antimetabolites that block the folic acid metabolism, 
which inhibits the synthesis of DNA, RNA, thymidylates, and proteins (Rajagopalan et al., 
2002). Methotrexate (MTX) is a drug for chemotherapy and immunosuppressive therapy 
(rheumatoid arthritis), and its main target is dihydrofolate reductase (DHFR), which role is 
conserved in fungal pathogens (DFR1 homologue in S. cerevisiae (Hamza et al., 2015)) as 
well.  
 
It was shown that disturbing the folate metabolism in C. albicans can inhibit ergosterol 
production, making the pathogen more susceptible to azoles. MTX showed synergy with 
antifungals such as azoles and terbinafine against hyphal form of C. albicans (Navarro-
Martínez et al., 2006). 
 
Purine synthesis inhibitors. Mycophenolic acid (MPA) or its derivate/prodrug 
mycophenolate mofetil (MMF) is an inhibitor of inosine-5’-monophosphate (IMP) 
production (Allison and Eugui, 2000), which preferentially inhibits B-cell and T-cell 
function. IMP dehydrogenase (IMPDH) is highly conserved crucial enzyme for the de novo 
synthesis of guanine nucleotides and therefore an important target for cancer, bacterial, 
parasitic and viral infections, and autoimmune disorders (Shah and Kharkar, 2015).  
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Figure 18: Schematic representation of the purine nucleotide synthesis in yeast and mycophenolic acid 
inhibition of IMPDH (Sagot et al., 2005). 
Slika 18: Shema sinteze purinov v kvasovkah in inhibicija IMPDH z mikofenolno kislino (Sagot in sod., 2005). 
The solid thin lines represent the plasma membrane. IMD2, IMD3, and IMD4: IMP dehydrogenases (IMPDH); 
MPA – mycophenolic acid. 
 
MPA is well-characterized non-competitive and reversible inhibitor that severely depletes 
intracellular GTP pool to 10% of normal level (Qiu et al., 2000). It is a weak lipophilic acid, 
similar as 2,4-dichlorophenoxyacetic, artesunic, and artemisinic acids. Weak lipophilic acids 
trigger ScPdr1 regulon and are excreted via efflux pumps ScPdr5 and ScTpo1 (Desmoucelles 
et al., 2002). Screening of the S. cerevisiae deletion library against MPA highlighted 
ScIMD2 and ScTPO1 as the mutations with the biggest negative impact (and to lesser extend 
genes of serine/threonine biosynthetic pathway – ScSER1, ScSER2, ScILV1, ScHOM6 and 
ScSIT4) (Desmoucelles et al., 2002; Mira et al., 2010). 
 
MPA has antifungal properties through the inhibition of fungal IMPDH, and as far as it goes 
for combinations with commercial antifungals, it has been shown that the combination of 
AMB and MPA is synergistic in C. albicans (Banerjee et al., 2014). 
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3 MATERIALS AND METHODS 
 
The following chapters contain all of the protocols, methods and materials that were used 
for experimental work. Laboratory equipment and apparatuses that were used in this study 




All of the experiments were performed with use of materials, listed in this chapter. 
 
3.1.1 Laboratory equipment and machines 
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Table 3: List of laboratory equipment and machines. 
Preglednica 3: Seznam laboratorijske opreme in strojev. 
Item Manufacturer 
Autoclaves Stujeska; Kambič 
Incubators Heraeus Instruments; Kambič 
Laminar flow cabinet Iskra 
Set of single-channel pipettes - manual Gilson 
Set of ErgoOne E SC Pipette Electronic Starlab 
Set of E 12-C Pipette Electronic Starlab 
Scale Sartorius excellence Sartorius 
Precise scale ME204 Mettler Toledo 
MixMate Eppendorf 
Thermomixer comfort Eppendorf 
Plate mixer Eppendorf 
MiniSpin Eppendorf 
Centrifuge for tubes (50 ml) Eppendorf 
Centrifuge for tubes (1.5 and 2 ml) Eppendorf 
Heraeus Multifuge 1-R Heraeus 
Centrifuge for plates Heraeus 
FastPrep®-24 MP Biomedicals 
NanoDrop 2000c Thermo Fisher Scientific 
2100 Bioanalyzer Agilent Genomics 
Victor 3 plate reader Perkin Elmer 
Safire 2 plate reader  Tecan 
Incubator – rotary shaker New Brunswick Scientific 
Incubator – rotary shaker Multitron HT Inforst HT 
Gel electrophoresis system Wide Mini-Sub Cell GT Bio-Rad 
Gel Doc 2000 Bio-Rad 
Singer RoToR Yeast Replicating Robot Singer Instruments 
96-well replica stamp VandP Scientific 
Library copier VandP Scientific 
BD LSRFortessa flow cytometer BD Biosciences 
Mastercycler realplex Eppendorf 
Confocal microscope Leica 
Microscope DM4000 B Leica 
Water bath Kambič 
Vortex  IKA; Tehtnica 
pH meter Seven multi   Mettler Toledo 
Microwave oven Sanyo 
Several gas burners  
Several -80 °C freezers  
Several -20 °C freezers  
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Table 4: List of chemicals. 
Preglednica 4: Seznam kemikalij. 
Chemical Manufacturer Serial number 
Acrylamide (30%) Biorad  
Amoxicillin trihydrate Sigma-Aldrich 31586 
Amphotericin B Sigma-Aldrich A4888 
Bacto™ peptone BD Biosciences 211820 
Bacto™ yeast extract BD Biosciences 212720 
Bacto™ agar BD Biosciences 214030 
Boric acid Sigma-Aldrich B6768 
Clotrimazole Sigma-Aldrich C6019 
Caspofungin Diacetate Sigma-Aldrich SML0425 
Calcofluor White Stain Sigma-Aldrich 18909 
Chloroform Sigma-Aldrich 372978 
Cyclosporin A Sigma-Aldrich 32425 
Dimethyl Sulfoxide (DMSO) Sigma-Aldrich 472301 
dCTP Thermo Fisher Scientific R0151 
dTTP Thermo Fisher Scientific R0171 
dATP Thermo Fisher Scientific R0141 
dGTP Thermo Fisher Scientific R0161 
EDTA Sigma-Aldrich E6758 
Ethanol Fluka 02854 
Ergosterol Sigma-Aldrich 45480 
Fk506 Acies bio  
Fluconazole Sigma-Aldrich F8929 
Glacial acetic acid Sigma-Aldrich W200603 
Glucose Merck KGaA 108337 
Glycerol Sigma-Aldrich G5516 
Guanosine 5’-monophosphate sodium Sigma-Aldrich G8377 
HEPES Sigma-Aldrich H3375 
Hydrochloric acid Sigma-Aldrich H1758 
Itraconazole Sigma-Aldrich I6657 
Isopropyl alcohol Sigma-Aldrich W292907 
Ketoconazole Sigma-Aldrich K1003 
KOH Sigma-Aldrich 60377 
Lithium acetate dihydrate Sigma-Aldrich L6883 
MOPS free acid, Biot. Performance C  Sigma-Aldrich M3183 
Methotrexate Sigma-Aldrich 1414003 
Mycophenolic acid Sigma-Aldrich M5255 
Mycophenolate mofetil Sigma-Aldrich SML0284 
NaCl Sigma-Aldrich 31434 
(NH4)2SO4   Sigma-Aldrich A4418 
Nourseothricin-dihydrogen sulfate Werner BioAgents 5.0 
Phosphate buffered saline Sigma-Aldrich P4417 
Polyethylene glycol (PEG 3350) Sigma-Aldrich P4338 
Polyethylene glycol (PEF 4000) Sigma-Aldrich P3265 
Posaconazole Sigma-Aldrich FL-32103 
Propidium iodide Sigma-Aldrich 81845 
Rhodamine 6G Sigma-Aldrich 252433 
RPMI-1640 medium, with L-Glutamine Sigma-Aldrich R6504 
Sabouraud dextrose broth Sigma-Aldrich S3306 
Sodium acetate Sigma-Aldrich S2889 
Sodium dodecyl sulfate (SDS) Sigma-Aldrich L3771 
Sodium deoxycholate Sigma-Aldrich 30970 
ssDNA Sigma-Aldrich D1626 
continued 
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Continuation of the Table 4: List of chemicals. 
Chemical Manufacturer Serial number 
TRIzol™ Reagent Invitrogen 15596026 
Tris Base Merck 77-86-1 
Triton™ X-100 Sigma-Aldrich T8787 
Tween 20 Sigma-Aldrich P1379 
UltraPure™ DNase/RNase-Free Distilled Water Thermo Fisher Scientific 10977035 
Voriconazole Sigma-Aldrich FL-32483 




Table 5 shows the consumables used in this work. 
 
Table 5: List of consumables. 
Preglednica 5: Seznam potrošnega materiala. 
Item Manufacturer Serial Number 
1.5 mL TubeOne® Micro  
centrifuge Tubes 
Starlab S1615-5500 
15 mL tube Starlab A1415-0200 
50 mL reservoir for multichannel 
pipetting 
Ratiolab RA-9425518 
50 mL tube Starlab A1450-0200 
30 mL syringe A60 BD  301231 
8-well PCR strips with covers Thermo Fisher Scientific AB-0266 
96-well plate TC-treated Starlab CC7682-7596 
Agilent RNA 6000 Nano Kit Agilent Technologies 5067-1511 
Aluminium sealing foil     Starlab E2796-9792 
Burker-Türk hemocytometer Brand BRAND, 719505 
Cryovial/Cap 2.0 mL Skirted Starlab E3110-0013 
Culture tubes Starlab I1485-0810 
Deep well plate (96-well) Nunc 7322662 
Eppendorf tubes 2.0 mL Eppendorf 022363344 
Filter MiniSart 0.2 micron Sartorius AG 5049101 
Gel/PCR DNA Purification mini 
kit 
Favorgen Biotech Corp GPD-300 
Glass beads for plating Sigma-Aldrich 18406 
Glass beads acid washed Sigma-Aldrich G8772 
Petri dish (92 mm) Sarstedt AG 82.1473 
Polyolefin foil Starlab E2796-9793 
RNeasy MiniElute Cleanup Kit Quiagen 74204 
RNaseZap™ Thermo Fisher Scientific AM9780 
Screw cap tube Sarstedt 72.609.001 
Screw cap red Sarstedt 65.716.003 
Silica Grinding Beads Molecular 
Biology Grade 
Thermo Fisher Scientific 2161 
Sterile plastic inoculation loops Sarstedt 86.1562.010 
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Phosphate buffered saline 
One tablet (Phosphate buffered saline, Sigma-Aldrich, P4417) dissolved in 200 mL of 
deionized water yields 0.01 M phosphate buffer, 0.0027 M potassium chloride and 0.137 M 
sodium chloride, pH 7.4, at 25 °C. 
 
Sterile saline (0.85%) 
8.5 g/L NaCl 
 
Tris EDTA (TE) buffer 
10 mM Tris base → to pH 8.0 with high molarity HCl 
1 mM EDTA 
 
Tris acetate EDTA (TAE) buffer (50X stock solution) 
242 g/L Tris base 
57.1 g/L Glacial acetic acid 
10 % EDTA 
 
Tris borate EDTA (TBE) buffer (5X solution) 
54 g/L Tris base 
27.5 g/L Boric acid 
2 % EDTA 
 
Cell lysis buffer (Tscherner et al., 2012)  
50 mM HEPES → to pH 7.5 with KOH 
140  mM NaCl  
1 mM EDTA  
1 % Triton 100  




Media, prepared in double distilled sterile H2O (dH2O), used in this work is listed below. 
 
YPD media (yeast extract peptone dextrose) 
25 g/L Bacto ™ peptone 
12.5 g/L Bacto ™ yeast extract 
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Solid YPD media  
25 g/L Bacto ™ Peptone  
12.5 g/l Bacto ™ Yeast Extract  
2  % Glucose  
2  % Bacto™ agar 
 
Solid selective media (Nourseothricin) 
25 g/L Bacto ™ Peptone  
12.5 g/L Bacto ™ Yeast Extract  
2 % Glucose  
2 % agarose  
0.2 g/mL Nourseothricin-dihydrogen sulfate 
 
Sabouraud dextrose agar (SAB) 
30 g/L Sabouraud dextrose broth 
15 g/L Bacto™ agar 
 
RPMI buffered with MOPS (RPMI) 
10.4 g/L RPMI-1640 medium, with L-Glutamine 
34.53 g/L MOPS free acid, Biot. Performance C 
 
1. Dissolve RPMI-1640 medium, with L-Glutamine in 900 mL dH2O. 
2. Add MOPS → stir till dissolved. 
3. Adjust pH (at 25 °C) to 7.0 with 10 mol/L NaOH solution. 
4. Add remaining water to total volume of 1 L. 
5. Sterilization via 0.22 µm filter unit. 
6. Store at 4 °C. 
 
Storage media 
10 % Glycerol 
1 % NaCl 
1 % Tween 20 
Used for storing yeast isolates at -80 °C. 
 
3.1.6 Microbial strains 
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Table 6: C. glabrata strains used in this work. 
Preglednica 6: Sevi kvasovke C. glabrata uporabljeni v tem delu. 
Strain Genotype Reference or source 
ATCC 2001 /  
CBS 138 / ZIM 573 
Wild type (Anderson, 1917); www.attc.org 
ZIM 2344 Wild type Clinical isolate: urine 
ZIM 2365 Wild type Clinical isolate: sputum 
ZIM 2369 Wild type Clinical isolate: bronchoalveolar lavage 
ZIM 2382 Wild type Clinical isolate: urine taken from a permanent 
catheter 
ZIM 2385 Wild type Clinical isolate: intestine swab (anus, rectum) 
ZIM 2389 Wild type Clinical isolate: urine 
HTL Isogenic to ATCC 2001 
his3∆::FRT leu2∆::FRT 
trp1∆::FRT 
(Schwarzmüller et al., 2014) 
CgImd4Δ CAGL0K10780gΔ::NAT1 This thesis 
 
The clinical isolates used in this work were obtained from the Collection of Industrial 
Microorganism (ZIM) from Chair of Biotechnology, Microbiology and Food Safety, 
Department of Food Science and Technology, Biotechnical Faculty, University of Ljubljana. 
ATCC 2001 and HTL were used to study the mechanism of the induced resistance to azoles 
by MPA. HTL is the background strain for the creation of CgImd4Δ mutant, and the basis 
for the whole C. glabrata genome-scale gene deletion collection (Schwarzmüller et al., 
2014), which was used in this thesis for the chemogenomic screening. List of all the single 
gene deletion mutants used in this work is in ANNEX A. 
 
Other species were also used in this thesis, their list can be found in Table 7. 
 
Table 7: Other species strains used in this work. 
Preglednica 7: Sevi drugih vrst kvasovk uporabljeni v tem delu. 
Strain Species Reference or source 
ZIM 2260 S. cerevisiae Clinical isolate: bile tube 
ZIM 2558 S. cerevisiae Clinical isolate: throat swab 
ZIM 2566 S. cerevisiae Clinical isolate: sputum 
ZIM 2247 S. cerevisiae Clinical isolate: adrenal gland 
ZIM 2255 S. cerevisiae Clinical isolate: lung of man with immune deficiency syndrome 
ZIM 2269 S. cerevisiae sorghum beer; high resistance to itraconazole 
ZIM 2262 / S288c / 
ATCC 204508 
S. cerevisiae www.attc.org 
ATCC 22019 C. parapsilosis www.attc.org 
ZIM 2202 /  
ATCC 10261 
C. albicans www.attc.org 
ATCC 6258 C. krusei www.attc.org 
 
C. parapsilosis ATCC 22019, C. albicans ATCC 10261, C. krusei ATCC 6258 were used 
as the reference strains when doing the drug susceptibility assays, and the checkerboard 
assays for various drug combinations. Although the focus was on C. glabrata, some clinical 
isolates of S. cerevisiae were tested as well against various drug combinations. 
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pGEMT-U2-NAT1-D2 holds the NAT1 marker used when constructing deletion mutants. 
The marker is under control of the TEF1 promoter and is terminated by the TEF1 terminator. 
U2 and D2 sequences are used to bind in the barcode sequences (added later by PCR). 
 
Figure 19: pGEMT-U2-NAT1-D2 plasmid. 




Single gene knockouts. 
Set of primers for constructing CAGL0K10780g (IMD1) and CAGL0E04334g (ERG11) 
single gene knockouts in HTL. 
 
Table 8: Primers for constructing flanking regions. 
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Table 9: Primers for transformation verification by colony PCR. 






heukan2 (hk2) CGTCAAGACTGTCAAGGAGGG 
heukan3 (hk3) CATCATCTGCCCAGATGCGAAG 
 
Table 10: Primers for the barcoded marker PCR. 







Quantitative real-time PCR (qPCR). 
 
qPCR primers were constructed with PerlPrimer (Marshall, 2004), product size 145-155 bp, 
Tm 60-62.5 °C, 0 primer-dimers. 
 
Table 11: Primers for qPCR conformation of RNA-seq results. 
Preglednica 11: Začetni oligonukleotidi za potrditev RNA-seq rezultatov s qPCR. 
Name ORF Sequence 
PGK1_F CAGL0L07722g ACGAAGTTGTCAAGTCCTCCA 
PGK1_R CAGL0L07722g TTACCTTCCAACAATTCCAAGGAG 
RIP1_F CAGL0I03190g CTTCATGGTCGGTTCTCTAGG 
RIP1_R CAGL0I03190g ACAACAACGTTCTTACCCTCAG 
ERG1_F CAGL0J10824g TTCCAAAGACTCTAAGACCATCC 
ERG1_R CAGL0J10824g TTAGAGGGTGTCTCATGTTTAGGG 
ERG7_F CAGL0J10824g CGTTAAATTACCAGAGCATGAGAG 
ERG7_R CAGL0J10824g CAGTCCCAACAACCTTAGACAG 
ERG11_F CAGL0E04334g ATTGGTGTCTTGATGGGTGG 
ERG11_R CAGL0E04334g CGTAAGTCAATTCCTTGGTATCGT 
ERG24_F CAGL0I02970g TTCCTCTACTGATCAACTCACCA 
ERG24_R CAGL0I02970g GAACATCTTCAAATCCAGCGG 
ERG25_F CAGL0K04477g TGTGTATGGATTACCTTGAGACTG 
ERG25_R CAGL0K04477g GCGTAGTTACCGATGAAGTAGTG 
ERG26_F CAGL0G00594g AGAAGTCCCAATGGATGCCT 
ERG26_R CAGL0G00594g CTCAAACCTGGAACTAATTGCCT 
ERG27_F CAGL0M11506g GCTCCAGTATACGTTGCCAC 
ERG27_R CAGL0M11506g CTTCTCAATGTATGCAAGAACGTC 
ERG6_F CAGL0H04653g TACTTGAGACACTGGGACGG 
ERG6_R CAGL0H04653g CTTTGTAGAAACGGGAGAAGTGG 
ERG2_F CAGL0L10714g TACGCAAAGCAATACGCTATGG 
ERG2_R CAGL0L10714g CAGTCAAGTAGATGGTCTTACCC 
ERG3_F CAGL0F01793g TCTCTGCCATCCCTACTATGTC 
ERG3_R CAGL0F01793g AGTCGGTGAAGAAGATGAAAGTG 
continued 
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Continuation of the Table 11: Primers for qPCR conformation of RNA-seq results. 
Name ORF Sequence 
ERG5_F CAGL0M07656g CTTTGTCCCTAAGATCCTTCTGTG 
ERG5_R CAGL0M07656g GCAGTTCTCTTACCGTACCAG 
ERG4_F CAGL0A00429g TGCCATACCAAGTGTTAAAGGA 
ERG4_R CAGL0A00429g AAACCACAAGACATAGCCCAG 
ERG29_F CAGL0K03927g GCTACACAGAATGATTGTAAGCGA 
ERG29_R CAGL0K03927g TATGTTGCAATCGACTGTTAGCTC 
PDR1_F CAGL0A00451g TACCAATGTCTCAGATACCACCA 
PDR1_R CAGL0A00451g CTGTCTTTAGAATCCAACTGCGT 
ROX1_F CAGL0D05434g ACGCTTTCATCCTGTTCAGAC 
ROX1_R CAGL0D05434g GGGTCTAGGTTTCTCCATTTCTG 
HIS4_F CAGL0B00902g ACTGATCGATTCCTTGAAGACTG 
HIS4_R CAGL0B00902g AGTAGTAGATTCCTGATTCCTCGT 
CDR1_F CAGL0M01760g AGACTTACGCTAGACATTTAACGG 
CDR1_R CAGL0M01760g CACAAATAGAGACTTCAGCAATGG 
TPO1_1_F CAGL0G03927g GACATCTGGTGCTGAATCTAAGG 
TPO1_1_R CAGL0G03927g GGTAATGCTGGTGGGAAAGG 
TPO1_2_F CAGL0E03674g AGTAGCGATAGACCATATGATCCT 
TPO1_2_R CAGL0E03674g AGCGGGTCCTTTATCTTTAATCTG 
YBT1_F CAGL0C03289g GTGCTTTACCAACCACAACAG 
YBT1_R CAGL0C03289g CCAATTTCAAAGACCACAGATCAG 
PDR16_F CAGL0J07436g TCTACAAGTACCTCACAAATGCTG 
PDR16_R CAGL0J07436g CCTTAACATGCCACTTAGTAGCC 
YOR1_F CAGL0G00242g TTCTGTTGATTACGAGACTGATGG 
YOR1_R CAGL0G00242g ATTCTGCTACCTCACCCTTCTC 
QDR2_F CAGL0G08624g GGTAATGAGTGGGTTTGCGT 
QDR2_R CAGL0G08624g AAACAGCCGATAAACAAAGCAG 
PDR12_F CAGL0M07293g GATTACCATGCCAGACACCC 
PDR12_R CAGL0M07293g AAACCACGGATCATACAGTACCA 
SNQ2_F CAGL0I04862g ACACCATTTACAAAGCCATCAGAG 
SNQ2_R CAGL0I04862g CCAGCAGTGACTTTAAGCATAGAG 
IMD4_F CAGL0K10780g GGACTCTTCTCAAGGTAACTCCA 
IMD4_R CAGL0K10780g CGATTCTCAAACCGTCAGCA 
GEP4_F CAGL0H04389g GCTACGGGTAATATACAACCACAG 
GEP4_R CAGL0H04389g GTGCCATACTTTGTCATCATCCT 
TAM41_F CAGL0G03861g ACTGACAAACCACAGATTGATCTC 
TAM41_R CAGL0G03861g ACTGACAAACCACAGATTGATCTC 
PGC1_F CAGL0E05654g AAACTTCTACTGGATGTCAAACCC 
PGC1_R CAGL0E05654g TCTCGACACCGTACTCAACC 
(AOX)_F CAGL0G07175g CGGGAGATCAAGTGGTAGTG 
(AOX)_R CAGL0G07175g CGGACAAGGTATGTTTGGTCAG 
CCH1_F CAGL0B02211g GCAACAGTTTACCAATACGCC 
CCH1_R CAGL0B02211g CATCTAGTTCACCATCATCACCA 
CRZ1_F CAGL0M06831g AAGCGTATCGCCTATACTTTCC 
CRZ1_R CAGL0M06831g AGTCAGTCACGTACTTGTAACC 
PMR1_F CAGL0J01870g ACTCTGGTCAAAGAAGGTCAC 
PMR1_R CAGL0J01870g CAGTTCGGTTCCCAATCTGTC 
CNA1_F CAGL0L11110g ATTTGCTTACTGTTCCTGCTCCT 
CNA1_R CAGL0L11110g AAATGAGAATGACCCTCTGTCCA 
FLR1_F CAGL0H06017g TACTTCGGATTCTGTGTTGGCT 
FLR1_R CAGL0H06017g GGAATACACCAACCAATGCAC 
(MFS)_F CAGL0B02343g GGAACTGAGGATGCCAACCA 
(MFS)_R CAGL0B02343g ACACCAAGTCCAGATCCAATCC 
continued 
 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




Continuation of the Table 11: Primers for qPCR conformation of RNA-seq results. 
Name ORF Sequence 
PDH1_F CAGL0F02717g TCACGTTATTCCAAGTCTTCGG 
PDH1_R CAGL0F02717g CCAGCAAAGAGGAGAAAGCA 
AUS1_F CAGL0F01419g GTCTGCTTCCCTATCTTCCACC 
AUS1_R CAGL0F01419g TCAGTCTCTTATCACCACCAACAG 
ERC1_F CAGL0J00495g TGCCTAACCAATTCAAGTACACCA 
ERC1_R CAGL0J00495g CTGTCACCTCTTTCCATCTCCT 
MET4_F CAGL0G06688g CTGGTGCGTAATCATAGACCGA 
MET4_R CAGL0G06688g TCTGTATGTTGGTTTGCTGTTGG 
 
3.1.9 Reagents for molecular genetics 
 
Table 12: Reagents for molecular genetics used in this work. 
Preglednica 12: Reagenti za molekularno biologijo uporabljeni v tem delu. 
Name Manufacturer Includes Serial Nr. 




DreamTaq DNA Polymerase; 10X 
DreamTaq Green Buffer 
EP0711 
TaKaRa Ex Taq Takara Clontech Ex Taq Polymerase; 10X Ex Taq Buffer 
(Mg2+ plus); dNTP Mixture 
RR001A 
KAPA SYBR® FAST 
Universal 
Kapa Biosystems. KAPA SYBR FAST qPCR Master Mix 
(2X) 
KK4600 
DNase I, RNase-free 






















dNTP Mix Thermo Fisher 
Scientific 
 R0191 
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The logic and narrative of the experiments is laid out in Figure 20. Our experiments started 
with preliminary screenings of the drug susceptibility for all the strains and were followed 
by drug combinations screenings between immunosuppressive and antifungal drugs versus 
clinical isolates. Here we observed previously unknown phenotype, where MPA caused 
higher tolerance to azole antifungals. We decided to examine this mechanism in-depth. It 
began with the detailed examination of the growth curves at certain conditions and was 
forked into a) creation of a double knockout for the primary targets of azoles and MPA, 
ERG11 and IMD4, respectively; and b) systemic observation of the mechanism with the help 
of functional genomics – this included transcriptomics with RNA-sequencing (RNA-seq) 
and chemogenomic screenings of the single gene deletion C. glabrata mutants. We 
confirmed expression values for certain genes from RNA-seq with qPCR and ran selected 
54 mutants through the checkerboard assay with drug combinations. To confirm and explore 
some of the conclusions from the functional genomics we later on performed fluorescence-
activated cell sorting (FACS) analysis for the integrity of cell membrane and efflux pumps 
activity, and observed the localization of labeled posaconazole (PCZ) and rhodamine 6G 
(R6G) with confocal laser scanning microscopy (CLSM). 
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Figure 20: Experimental design of the thesis. 
Slika 20: Potek eksperimentov v pričujoči tezi. 
 
3.2.1 Drug susceptibility 
MICs for MTX, MPA, CsA, Fk506, AMB, ITC, 
FLC + (POS, KCT, VRC) 
3.2.2 Drug combinations 
Checkerboard assay: immunosuppressives 
+ antifungals 
Interpretation: FICI, BI 
3.2.5 RNA-seq 
FLC 5 mg/L, MPA 5 mg/L, FLC 5 mg/L + 
MPA 5 mg/L in YPD, 37 °C at 0, 2h, 4h  
RNA isolation protocol, Bioinformatics 
3.2.6 qPCR confirmation 
Expression confirmation of selected genes 
cDNA synthesis, qPCR settings and analysis 
3.2.7 Chemogenomic screening 
Screening FLC 5/8 mg/L, MPA 5/8 mg/L, 
FLC 5/8 mg/L + MPA 5/8 mg/L against 
single gene deletion C. glabrata mutants 
Conformation of the hits 
Test selected mutants on drug 
susceptibility (chapter 3.2.1) and 
checkerboard assays (3.2.2) 
3.2.9 Confocal laser scanning microscopy 
Labeled posaconazole, Rhodamine 6G and 
Calcofluor White to visualize the 
phenotype 
3.2.8 FACS 
Propidium iodide assay for membrane 
damage; Rhodamine 6G assays for efflux 
pump activity 
Mechanism of induced resistance 
Efflux pumps, changes in sterol 
composition, different regulatory 
pathways, … 
Antagonism between MPA and azole 
antifungals 
The mechanism behind it? 
3.2.3 Growth curves 
Explore the dynamic and concentrations 
for MPA/FLC to best observe the 
phenotype.  
Preliminary tests for functional genomics 
Functional genomics 
Exploring the mechanism via 
transcriptomics (RNA-seq) and 
chemogenomic screening 
3.2.4 Double knockout ERG11, IMD4 
Primary targets of azoles and MPA → 
potential interaction of the target genes 
results in antagonism 
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3.2.1 Drug susceptibility 
 
We used drug susceptibility assays to determine minimal inhibitory concentration (MIC) of 
a single drug against selected strains. This served to determine susceptibility/resistance of 
strains used against all the drugs (FLC, MPA, CsA, Fk506, MTX, ITC, and AMB). Assays 
were done in liquid media according to EUCAST guidelines (Arendrup et al., 2012). Serial 
drug dilutions were prepared in 1x RPMI media. 
 
Stock solutions. Stock solutions were prepared according to pipetting scheme in Table 13. 
Each step resulted in 200 µL of 200x antifungal/immunosuppressive dilution in DMSO, 
which was further diluted with media resulting in 20 mL of 2x dilution (1% DMSO). For 
step 4 and 7 400 µL of 200x drug dilution were prepared, however 200 µL of those were 
used for the preparation of subsequent dilutions. 400 µL of stock were required, therefore at 
least 420 µL was prepared to allow for pipetting. At step 7 400 µL were prepared but only 
200 µL were required for dilution and only 175 µL were required for next steps, so 25 µL 
needed to be discarded. 
 
Table 13: Pipetting scheme for fluconazole or mycophenolic acid susceptibility assay (Arendrup et al., 2012). 
Preglednica 13: Shema pipetiranja za test občutljivost na azole ali mikofenolno kislino (Arendrup in sod., 
2012). 
Step Conc. Source Vol. Antif. Vol. Solv. 200x dil. 2x dilution 
 [mg/mL]  [µL] [µL] [mg/L] [mg/L] 
1 12.8 Stock 200 0 12800 128 
2 12.8 Stock 100 100 6400 64 
3 12.8 Stock 50 150 3200 32 
4 12.8 Stock 50 350 1600 16 
5 1.6 Step 4 100 100 800 8 
6 1.6 Step 4 50 150 400 4 
7 1.6 Step 4 50 350 200 2 
8 0.2 Step 7 100 100 100 1 
9 0.2 Step 7 50 150 50 0.5 
10 0.2 Step 7 25 175 25 0.25 
Conc. – concentration; Vol. Antif. – volume of antifungal stock solution; Vol. Solv. – volume of solvent; dil. 
– dilution 
 
Plate layout. 2x drug dilutions were distributed according to Table 14. The plates were 
cowered with self-adhering aluminum foil and stored at -80 °C. Row 11 contained 100 µL 
of media while row 12 200 µL of media and served as the negative control. For the assay, 
100 µL of cell suspension was added to rows 1 to 11 with final concentration of 0.5 – 2.5 x 
105 cells/mL per well. Prior to the inoculations the strains were grown on SAB, 35 °C, and 





Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




Table 14: Plate layout for EUCAST drug susceptibility assay for fluconazole. 
Preglednica 14: Postavitev na mikrotiterski plošči za test občutljivosti na flukonazol po EUCAST-u. 
Plate: Strain Dilution [mg/L] → 
  1 2 3 4 5 6 7 8 9 10 11 12 
A con. strain 64 32 16 8 4 2 1 0.5 0.25 0.125 control media 
B con. strain 64 32 16 8 4 2 1 0.5 0.25 0.125 control media 
C clinical 1 64 32 16 8 4 2 1 0.5 0.25 0.125 control media 
D clinical 1 64 32 16 8 4 2 1 0.5 0.25 0.125 control media 
E clinical 1 64 32 16 8 4 2 1 0.5 0.25 0.125 control media 
F clinical 1 64 32 16 8 4 2 1 0.5 0.25 0.125 control media 
G clinical 1 64 32 16 8 4 2 1 0.5 0.25 0.125 control media 
H clinical 1 64 32 16 8 4 2 1 0.5 0.25 0.125 control media 
Con. strain – control strain 
 
Test ranges. Test ranges for all the drugs are in Table 15. Ranges for the antifungals are 
from EUCAST guidelines (Arendrup et al., 2012). The ranges for immunosuppressives were 
determined by the rough estimate of plasma concentrations (Llinares-Tello et al., 2004; 
Fabresse et al., 2017; Bittersohl et al., 2017; Ghareeb et al., 2018), and empirically with 
observation of their MICs. 
 
Table 15: Test ranges for antifungals and immunosuppressives. 
Preglednica 15: Razpon koncentracij za antimikotike in imunosupresive. 
Drug Test range [mg/L] Solvent 
Amphotericin B 16 – 0,032 DMSO 
Fluconazole 64 – 0,125 DMSO 
Itraconazole 16 – 0.0156 DMSO 
Voriconazole 16 – 0.0156 DMSO 
Posaconazole 16 – 0.0156 DMSO 
Ketoconazole 16 – 0.0156 DMSO 
Mycophenolic acid 256 – 0.5 DMSO 
Fk506 400 – 0.781 DMSO 
Cyclosporine A 16 – 0.0156 DMSO 
Methotrexate 400 – 0.781 DMSO 
 
Control strains. C. parapsilosis ATCC 22019 and C. krusei ATCC 6258 were used as the 
control strains. Their expected MIC ranges according to the EUCAST guidelines (Arendrup 
et al., 2012) and are shown in Table 16. 
 
Table 16: Control strains and their minimal inhibitory concentration range. 
Preglednica 16: Razpon minimalne inhibitorne koncentracije za kontrolne seve. 
Antifungal ATCC 22019 ATCC 6258 
 [mg/L] [mg/L] 
Amphotericin B 1 – 0.12 1 – 0.12 
Fluconazole 2 – 0.5 64 – 16 
Itraconazole 0.12 – 0.032 0.12 – 0.032 
Voriconazole 0.06 – 0.0156 0.25 – 0.03 
Posaconazole 0.06 – 0.0156 0.06 – 0.0156 
 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




Assay. Plates were incubated for 24 – 48 h at 37 °C (mutants with slow growth even further, 
up to 4 days). After that the plates were shaken for 15 s at 1000 rpm and the optical density 
at 600 nm (OD600) for each well was measured on a Victor 3 plate reader. The data was 
normalized by “100% growth” subtracted by the “negative control values”. The first dilution 
with an inhibition of 50% or more was determined as MIC. Exception was the AMB, where 
the inhibition of 90% or more was the threshold to determine the MIC value. 
 
For the confirmation of the chemogenomic screening hits, the mutants were grown on YPD 
instead of RPMI media. 
 
3.2.2 Drug combinations 
 
Drug combination (checkerboard) assays were used to determine inhibitory concentrations 
for the combination of two drugs at several different concentrations. Measured values were 
then interpreted by Loewe additivity model and a model based on Bliss independence 
criterion to determine possible modulatory effects (synergism or antagonism) between the 
two drugs against our clinical isolates. Similar as for the drug susceptibility assay (chapter 
3.2.1), we followed EUCAST guidelines (Arendrup et al., 2012) and CLSI M27-A3 protocol 
for checkerboard microdilution assay (CLSI, 2008) to test the different drug combinations 
between immunosuppressive and antifungal drugs. Serial drug dilutions were prepared in 1x 
RPMI media. 
 
Stock solutions. Prepared similarly as in chapter 3.2.1, but with less steps and 4x end 
concentration (1% DMSO). Pipetting scheme is located in Table 17. 
 
Table 17: Pipetting scheme for fluconazole or mycophenolic acid stock solution for the checkerboard assay 
(Arendrup et al., 2012). 
Preglednica 17: Shema pipetiranja založnih raztopin flukonazola in mikofenolne kisline za test kombinacij 
zdravil (Arendrup in sod., 2012). 
Step Conc. Source Vol. Antif. Vol. Solv. 200x dil 4x dilution 
 [mg/mL]  [µL] [µL] [mg/L] [mg/L] 
1 51.2 Stock 200 0 51200 512 
2 25.6 Stock 100 100 25600 256 
3 25.6 Stock 50 150 12800 128 
4 25.6 Stock 50 350 6400 64 
5 6.4 Step 4 100 100 3200 32 
6 6.4 Step 4 50 150 1600 16 
7 6.4 Step 4 50 350 800 8 
Conc. – concentration; Vol. Antif. – volume of antifungal stock solution; Vol. Solv. – volume of solvent; dil. 
– dilution 
 
Plate layout. 50 µL of each stock solution was distributed according to the plate layout on 
Table 18. The plates were cowered with self-adhering aluminum foil and stored at -80 °C. 
Wells A9-D9 contained 100 µL of media and wells E9-H9 contained 200 µL of media and 
served as the negative control. For the assay, 100 µL of cell suspension was added to rows 
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1 to 8 and wells A9-D9 with final concentration of 0.5 – 2.5 x 105 CFU/mL. Prior to the 
inoculations the strains were grown on SAB/YPD, 35 °C, and re-plated at least twice and 
grown at least 24 h each time. 
 
Table 18: Plate layout for the checkerboard assay for fluconazole + mycophenolic acid drug combination. 





         
 
MPA ↓  1 2 3 4 5 6 7 8 9 10 11 12  
[mg/L] 128 64 32 16 8 4 2 0 
    
A 128                 control       
B 64   




C 32   




D 16   




E 8   




F 4   




G 2   




H 0                 media       
MPA – mycophenolic acid; FLC – fluconazole 
 
Assay. Plates were incubated and measured as described in chapter 3.2.1. The first dilution 
with an inhibition of 50% or more was determined as MIC. Exception was the AMB, where 
the inhibition of 90% or more was the threshold to determine the MIC value. 
 
For the confirmation of the chemogenomic screening hits and most of the exploration of the 




Drug combinations (Drug A and Drug B) can be classified as synergistic, additive or 
antagonistic based on whether the combined effect of the two drugs is greater, equal or less 
than the predicted individual effects. There are two basic models used for the interpretation, 
first is based on Loewe additivity model (Loewe, 1928) and the second is based on the Bliss 
independence criterion (Bliss, 1939). 
 
FICI. The relative growth obtained from the checkerboard microdilution assays was 
analyzed by the fractional inhibitory concentrations index (FICI) based on the Loewe 
additivity model (Loewe, 1928), using the following equations: 
 
Equation 1: Calculation of the fractional inhibitory concentration index (FICI). 
Enačba 1: Izračun indeksa frakcionalne inhibitorne koncentracije (FICI). 




𝐹𝐼𝐶𝐼 =  𝐹𝐼𝐶𝐴  +  𝐹𝐼𝐶𝐵 
… (1) 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




Interaction based on FICI values was interpreted as (Odds, 2003): 
• ≤ 0.5 as synergistic  
• > 0.5 – < 4 as additive or indifferent 
• ≥ 4 as antagonistic 
 
When calculating FICIs, if the MIC resulted in an off-scale value, the next higher 
concentration (for example > 32 = 64 mg/L) was used (Moody, 2010). FICImin was reported 
as the FICI value in all cases unless the FICImax was greater than 4, in which case FICImax 
was reported as the FICI for that particular data set (Liu et al., 2014). 
 
BI. The effect of drug combinations was also calculated by the Bliss independence (BI) 
criterion, where we assume that the relative effect of a drug at a particular concentration is 
independent of the presence of the other drug (Bliss, 1939; Goldoni and Johansson, 2007; 
Yeh et al., 2009).  
 
First, we calculated the predicted decrease of relative growth (Epredicted) by the following 
equation: 
 
Equation 2: Calculation of predicted decrease of relative growth (Epredicted). 
Enačba 2: Izračun predvidenega zmanjšanja relativne rasti (Epredicted). 
𝐸𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑  =  1 −  𝐸𝐴  ∗  𝐸𝐵 
… (2) 
EA and EB are individually measured relative growth inhibitions by drugs A and B, 
respectively. Then we calculated the deviations between this predicted decrease of relative 
growth and measured growth (Emeasured) at the same concentration values by the following 
equation: 
 
Equation 3: Calculation of the deviation E between measured relative growth and predicted decrease of 
relative growth. 
Enačba 3: Izračun razlike E med izmerjeno relativno rastjo in predvidenim zmanjšanjem relativne rasti. 
∆𝐸 =  𝐸𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − 𝐸𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 
… (3) 
Positive deviations describe synergistic interactions and negative deviations describe 
antagonistic interactions (Yeh et al., 2009). 
 
To interpret and summarize the whole interaction surface calculated by the BI criterion 
among several different drug combination concentrations we summed all significant ∆E 
(marked as ΣSSI; cut-off absolute value of > 5%), determined the mean percentage (MSSI), 
and calculated the 95% confidence interval (CI). If the CI didn’t include 0 and was positive 
or negative, significant synergy or antagonism, respectively, was interpreted for the entire 
data set (Meletiadis et al., 2005). 
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We calculated the ΣSSI and MSSI for all significant synergistic (ΣSYN and MSYN, 
respectively) and antagonistic (ΣANT and MANT, respectively) E separately. Absolute 
sum of all ΣSYN or ΣANT was interpreted as a weak (0 – 100%), moderate (100 – 200%) 
or strong (> 200%) interaction (Meletiadis et al., 2005). 
 
3.2.3 Growth curves 
 
In growth curve experiments we measured growth (optical density) over time in liquid 
media. The goal was to observe the antagonistic phenotype between FLC and MPA also in 
Erlenmeyer flasks on rotary shaker for the purposes of transcriptomics and fluorescence-
activated cell sorting assays. Growth experiments were performed in liquid YPD media, 
usually on rotary shaker at 220 rpm, 37 °C. Prior to the experiments, the strains were grown 
on solid YPD/SBD media at 30 °C and re-plated at least twice. The stock solutions for the 
antifungal and immunosuppressive drugs were made with DMSO, keeping in mind that the 
final concentration of DMSO in the media never exceeded 1% and was the same throughout 
all the samples/combinations. The experiments were always performed in at least triplicates. 
 
The assay protocol:  
1. Prepare an overnight culture from a single colony, rotary shaker at 220 rpm, 37 °C.  
2. Measure OD600 (usually 4x dilution needed to get in the linear zone) 
3. Dilute in fresh YPD media to OD600 0.05 
4. Distribute the inoculum to required number of Erlenmeyer flasks 
5. Shake the flasks at 220 rpm, 37 °C for usually at least 1 h 
6. Measure OD600 → shake till OD600 0.1 
7. Add drugs (mostly tested with additions of FLC, MPA, FLC+MPA at different 
concentrations) 
8. Measure OD600 at certain time points. 
 
We used growth curves to determine: 
- The lowest concentrations that reliably trigger changes in growth curves and the time 
needed to observe them → these settings were used for the transcriptomics RNA-seq 
experiment (5 mg/L of FLC and MPA, both alone and in combination, and sampling 
at 2 and 4 hours). 
- The concentrations that “rescue” growth → goal was to find the concentrations that 
mimic the antagonistic phenotype in 96-well plates of the checkerboard assays 
(chapter 3.2.2) in the Erlenmeyer flasks; to find the concentration when single drug 
(FLC) inhibits the growth completely, but in combination with MPA, the growth is 
restored. 
 
Typical settings we used when searching for the “rescue” growth concentrations: 
HTL overnight culture, diluted to OD600 0.05. Added drugs at OD600 0.1 by the following 
scheme – Table 19. 
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Table 19: Drug concentration scheme for observing the growth "rescue". 
Preglednica 19: Shema koncentracij zdravil za opazovanje fenotipa povrnjene rasti. 
Flask Drugs 16000 FLC* 8000 MPA* DMSO 
  [µL] [µL] [µL] 
1 FLC 64 80 
 
80 
2 FLC 64 80 
 
80 
3 FLC 64 80 
 
80 
4 FLC+MPA 64+32 80 80 
 
5 FLC+MPA 64+32 80 80 
 











*Stock solutions in [mg/L]; FLC – fluconazole, MPA – mycophenolic acid 
 
3.2.4 Double knockout ERG11, IMD4 
 
The goal of constructing a double mutant of the FLC and MPA target genes ERG11 and 
IMD4, respectively, was to observe the mutant phenotype and to see, if the direct deletion 
of both targets decreases the susceptibility to the drug combination. We followed the gene 
deletion process for C. glabrata described in (Schwarzmüller et al., 2014) – Figure 21. The 
parent strain we used was HTL, isogenic to ATCC 2001, with his3∆::FRT leu2∆::FRT 
trp1∆::FRT mutations, and was constructed specifically for this purpose (Schwarzmüller et 
al., 2014). Briefly, the deletion process started with a single gene knockout. The workflow 
for this went from the Isolation of the genomic DNA (used for a template), continued with 
Barcode Marker preparation, construction of Flanking regions and finally Fusion PCR to 
combine flanking regions and the barcode marker into the gene deletion cassette. The gene 
deletion cassette was used in Heat transformation protocol and the transformants were then 
tested by the Colony PCR and the “Loss of gene” PCR to confirm the success of the 
transformation. 
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Figure 21: Deletion process in C. glabrata (Schwarzmüller et al., 2014). 
Slika 21: Proces delecije genov v kvasovki C. glabrata (Schwarzmüller in sod., 2014). 
A Creating a gene deletion construct with the dominant selectable marker NAT1 by fusion PCR. Unique 
barcode sequence was integrated in oligonucleotides to amplify the marker fragment and to add overlap 
sequences. B Verification of the transformants by colony PCR for correct integration on the 5’ and 3’ junction 
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Isolation of genomic DNA* protocol: 
1. Overnight ATCC 2001 cell culture diluted in fresh media to OD600 0.3.  
2. Regrow the culture to OD600 between 0.9 – 1.2.  
3. Harvest the cells by centrifugation at 1000 g for 5 min at room temperature. 
4. Wash the cells with 10 mL of dH2O → centrifuge 1000g, 5 min. 
5. Resuspend the cell pellet in 500 µL of dH2O → transfer to screw cap tube → 
centrifuge at 2730 g 5 min. 
6. Remove supernatant and add 200 µL cell lysis buffer, 200 µL glass beads and 200 
µL PCI (phenol, chloroform, isoamyl alcohol – 25:24:1). 
7. Breaking cells on Fastprep at 6 m/sec for 40 s. 
8. Add 200 µL of sterile ddH2O → centrifuge at 12300 g, 5 min, 4 °C. 
9. Transfer the aqueous supernatant to fresh Eppendorf tube with 1 mL of -20 °C EtOH. 
10. Incubate for 1 h at -80 °C → centrifuge at 12300 g, 15 min, 4 °C. 
11. Remove supernatant → add 10 µL 3M Sodium Acetate + 1 mL -20 °C 100% EtOH. 
12. Incubate for 1 h at -80 °C → centrifuge at 12300 g, 15 min, 4 °C. 
13. Wash the pellet in 70% EtOH → remove supernatant and dry the pellet at 55 °C, 10 
min. 
14. Resuspend in 50 µL ddH2O. 
*Genomic DNA was needed as a template for creating flanking regions.  
 
Electrophoresis was used for quality control and measurement with Nanodrop 
spectrophotometer for DNA concentration read. 
 
Barcode Marker preparation. pGEM U2-NAT1-D2 plasmid was used as the template to 
amplify NAT1 marker with added barcode markers on 5’ and 3’ sides. The PCR mix and the 
PCR program are shown in Table 20 and Table 21, respectively. 
 
Table 20: PCR mix for Barcode Marker. 
Preglednica 20: PCR miks za marker črtne kode. 
Volume Material 
1 µL Template (plasmid pGEM U2-NAT1-D2) 
2.5 µL 5M_B5 / 5M_B6 primer 
2.5 µL 3M_B5 / 3M_B6 primer 
4 µL dNTPs 
5 µL 10x Buffer 
1 µL DreamTaq DNA Polymerase 
34 µL ddH2O 
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Table 21: PCR program for Barcode Marker. 
Preglednica 21: PCR program za marker črtne kode. 
Step Temperature Time  
Initial denaturation 95 °C 5 min  
Denaturation 95 °C 30 s  
Annealing 50 °C 30 s 35 cycles 
Elongation 72 °C 105 s  
Final elongation 72 °C 5 min  
 
Flanking regions. Genomic DNA from ATCC 2001 was used as the template to amplify 
the desired regions from each gene. Flanking regions were at least 500 bp long for a higher 
chance of successful gene deletion cassette integration via homologues recombination. The 
PCR mix and the PCR program are shown in Table 22 and Table 23, respectively. 
 
Table 22: PCR mix for Flanking regions. 
Preglednica 22: PCR miks za pripravo prekrivajočih regij. 
Volume Material 
1 µL 
Template (genomic DNA from ATCC 
2001, ~50 ng/µL) 
2.5 µL 55 / 35 primer 
2.5 µL 53 / 33 primer 
4 µL dNTPs 
5 µL 10x Buffer 
1 µL DreamTaq DNA Polymerase 
34 µL ddH2O 
50 µL Total 
 
Table 23: PCR program for Flanking regions. 
Preglednica 23: PCR program za pripravo prekrivajočih regij. 
Step Temperature Time  
Initial denaturation 95 °C 5 min  
Denaturation 95 °C 20 s  
Annealing 49 °C 30 s 35 cycles 
Elongation 72 °C 1 min  
Final elongation 72 °C 6 min  
 
Because we had difficulties with the ERG11 knockout we tried with new pair of primers for 
the flanking regions (5cV2_0E04334g + 53_0E04334g and 35_0E04334g + 
3cV2_0E04334g), which required the annealing temperature at 51 °C. 
 
After preparation of Flanking regions and Fusion PCR we usually had to clean the PCR 
product. 
 
PCR product cleanup protocol:  
1. Add 5 µL of 3M NaAc and 50 µL PCR product to 150 µL 100 % Et-OH. 
2. Incubate for 1 h at -80 °C → centrifuge at 12300 g, 15 min, 4 °C. 
3. Remove the supernatant. 
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4. Add 500 µL of 70 % Et-OH → centrifuge at 12300 g, 5 min, 4 °C. 
5. Remove the supernatant → dry on 55 °C, 5 – 10 minutes. 
6. Resuspend the precipitated DNA in 20 µL ddH2O. 
 
Fusion PCR. Here we combined the Flanking regions with the Barcode Marker into the 
gene deletion cassette. The PCR mix and the PCR program are shown in Table 24 and Table 
25, respectively. 
 
Table 24: PCR mix for the fusion of gene deletion cassette. 
Preglednica 24: PCR miks za fuzijo kasete za gensko delecijo. 
Volume Material 
2.5 µL 55 primer 
2.5 µL 33 primer 
3 µL 3’ flank 1:10 
3 µL 5’ flank 1:10 
3 µL Barcode Marker 
4 µL dNTPs 
5 µL 10x Buffer 
0.6 µL Ex Taq Polymerase 
26.4 µL ddH2O 
50 µL Total 
 
Table 25: PCR program for the fusion of gene deletion cassette. 
Preglednica 25: PCR program za fuzijo kasete za gensko delecijo. 
Step Temperature Time  
Initial denaturation 94 °C 5 min  
Denaturation 94 °C 20 s  
Annealing 50 °C 20 s 35 cycles 
Elongation 72 °C 3 min  
Final elongation 72 °C 5 min  
 
The product was checked on the 1 % agarose gel electrophoresis and cleaned, if everything 
was as it should’ve been. 
 
We followed the transformation process described in (Istel et al., 2015) and used the HTL 
strain. 
 
Heat transformation protocol: 
Preparation of the culture: 
1. Overnight HTL culture in liquid YPD on rotary shaker, 30 °C, 160 rpm. 
2. Dilute the culture in fresh YPD to an OD600 0.3 → regrow to OD600 1.5. 
3. Harvest the culture in 50 mL Falcon tube by centrifugation at 1000 g, 5 min. 
Treatment of the cells: 
1. 2x wash the cell pellet with 25 mL of dH2O, discard the supernatant. 
2. Resuspend in 1 mL of 100 mM LiAc (→ combine all cell suspensions from one strain 
in two 50 mL Falcon tubes). 
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3. Centrifugation 1000 g, 30 s → add sterile solution: 
- 1920 µL of 50% PEG-3350 
- 40 µL ssDNA (10 mg/mL; heat-denatured, 10 min 95 °C) 
- 288 µL of 1M LiAc 
4. Gently resuspend by aspirating with pipette. 
Heat-shock (for Single-well scale): 
1. In 1.5 mL tube combine 326 µL of cell suspension and 50 µL of gene deletion 
cassette → gently mix by aspirating. 
2. Incubate with gentle mixing at 30 °C for 30 min → add 45 µL DMSO and mix 
immediately. 
3. Incubate without agitation at 45 °C for exactly 15 min → centrifuge 1000 g, 5 min 
4. Remove supernatant (by aspiration). 
5. Add 950 µL of YPD and gently resuspend cells. 
Regeneration of cells: 
1. Incubate tubes at 30 °C for 4 h without shaking → centrifuge 1000 g, 5 min. 
2. Remove supernatant and resuspend cells in 100 µL of dH2O. 
3. Plate cell suspension on solid selective media (Nourseothricin) and incubate at 30 °C 
for a few days until the colonies become visible. 
 
Colony PCR. We tested the success of the heat shock transformation via colony PCR. For 
the DNA extraction we touched the tip of a colony, added it to 100 µL of dH2O and baked 
it on 95 °C for 10 min, finishing with a centrifugation for 5 min on 2000 g. We used the 
supernatant as the DNA template. The PCR mix and the PCR program are shown in Table 
26 and Table 27, respectively. 
 
Table 26: PCR mix for Colony PCR. 
Preglednica 26: PCR miks za PCR na osnovi kolonije.  
Volume Material 
2 µL Template (supernatant of DNA extraction 
from a colony) 
2.5 µL 5c / 3c primer 
2.5 µL hk2 / hk3 primer 
4 µL dNTPs 
5 µL 10x Buffer 
1 µL DreamTaq DNA Polymerase 
33 µL ddH2O 
50 µL Total 
 
Table 27: PCR program for Colony PCR. 
Preglednica 27: PCR program za PCR na osnovi kolonije. 
Step Temperature Time  
Initial denaturation 95 °C 5 min  
Denaturation 95 °C 30 s  
Annealing 50 °C 30 s 35 cycles 
Elongation 72 °C 3 min  
Final elongation 72 °C 7 min  
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“Loss of gene” PCR. The final confirmation of successful knockout was done by checking 
for absence of the target ORF via amplification of 500 bp region from the coding sequence 
of that ORF. If the knockout was successful, no product could be amplified. The PCR mix 
and the PCR program are shown in Table 28 and 
Table 29, respectively. 
 
Table 28: PCR mix for "Loss of gene" PCR. 
Preglednica 28: PCR miks za PCR izgube gena. 
Volume Material 
1 µL Template (supernatant of DNA extraction from a 
mutant colony or genomic DNA from ATCC 2001) 
2.5 µL 5i primer 
2.5 µL 3i primer 
4 µL dNTPs 
5 µL 10x Buffer 
1 µL DreamTaq DNA Polymerase 
33 µL ddH2O 
50 µL Total 
 
Table 29: PCR program for "Loss of gene" PCR. 
Preglednica 29: PCR program za PCR izgube gena. 
Step Temperature Time  
Initial denaturation 95 °C 2 min  
Denaturation 95 °C 30 s  
Annealing 50 °C 30 s 35 cycles 
Elongation 72 °C 1 min  
Final elongation 72 °C 7 min  
 
We made a successful CgImd4Δ mutant, but it had a severe growth retardation. We weren’t 
successful in creating a CgErg11Δ mutant (even after several tries, extension of the flanking 
regions and supplementing media with ergosterol in every step after the heat shock 




With transcriptomics we sequenced the transcriptome (RNA-seq) for each drug against C. 
glabrata ATCC 2001 individually (FLC, MPA) and in combination, and compared it to the 
untreated samples. The end results were differentially expressed genes induced by FLC, 
MPA and FLC+MPA. The RNA-seq experiment started with sample preparation, followed 
by isolation of RNA, DNAse treatment, cleanup with RNeasy MiniElute Cleanup Kit, 
checked for genomic DNA contamination, and checked for RNA integrity with 2100 
Bioanalyzer (Agilent Genomics). After the sequencing we performed primary and secondary 
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3.2.5.1 Sample preparation 
 
Setting. Setting for the transcriptomics experiment was determined with growth curves 
(chapter 3.2.3), where we observed the effect of FLC at roughly 2 hours and MPA at 3. 
Strain: C. glabrata ATCC 2001 
Samples (3 repeats): untreated control (no drugs, just DMSO); FLC 5 mg/L; MPA 5 mg/L; 
FLC+MPA 5 mg/L each 
Sampling: t0 = 0h (untreated control); t1 = 2h (untreated control, FLC, MPA, FLC+MPA); 
t2 = 4h (untreated control, FLC, MPA, FLC+MPA). 
Conditions: rotary shaker, 160 rpm, 37 °C 
 
The culture was grown on fresh YPD agar plates for at least 2 days on 30 °C, and re-plated 
2 times. An overnight culture in fresh YPD was grown on rotary shaker at 37 °C, 160 rpm 
(3 repeats). 
 
Protocol for obtaining biomass: 
1. Measure the OD600 and dilute in 1 L of YPD to OD600 0.05 
2. Grow to OD600 0.1 (roughly 1.5 h), rotary shaker at 37 °C, 160 rpm 
3. Separate 150 mL to 4 500 mL Erlenmeyer flasks → add the drugs according to the 
setting. 
4. At t0 sample 50 mL (only control) for RNA isolation, 25 mL for potential protein 
isolation 
At t1 (2h) sample 25 mL for RNA isolation, 25 mL for potential protein isolation 
At t2 (4h) sample 25 mL for RNA isolation, 25 mL for potential protein isolation 
Sampling:  
1. Centrifugation 1500 g, 3 min, 4 °C. 
2. Remove supernatant → resuspend in 0.5 mL ice cold dH2O. 
3. Transfer to 2 mL screw cap tubes → centrifugate 1500 g, 1 min, 4 °C. 
4. Remove supernatant → freeze pellet by submerging the tube in liquid nitrogen 
5. Store at -80 °C. 
 
Protocol for RNA isolation (Tscherner et al., 2012): 
1. Add 1 mL of Trizole → incubate 5 min at room temperature. 
2. Add 0.3 g of RNase-free glass beads. 
3. Break the cells 2x 45 s at level 6 m/s on FastPrep®-24 dissicator. 
4. Centrifuge 15 min, 14000 g, 4 °C. 
5. Transfer the upper phase to fresh 1.5 mL Eppendorf tube. 
6. Add 200 µL chloroform → shake vigorously 15 s by hand and incubate for 3 min at 
room temperature. 
7. Centrifuge 15 min, 14000 g, 4 °C. 
8. Transfer the aqueous phase to fresh 1.5 mL Eppendorf tube. 
9. Add 500 µL of ice-cold isopropanol → incubate on ice for 10-20 min. 
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10. Centrifuge 20 min, 14000 g, 4 °C. 
11. Remove supernatant. 
12. Wash the pellet with cold 70 % EtOH → centrifuge 2 min, 14000 g, 4 °C. 
13. Remove the EtOH (spin down, pour out, spin down again and pipet the remainder 
out) and air dry the pellet. 
14. Dissolve RNA in 50 µL RNase-free water at 65 °C for 5 min. 
15. Measure the RNA content on Nanodrop 
16. Store RNA at -80 °C (in aliquots). 
 
Treatment with DNAse. After the RNA isolation we removed the DNA from the samples. 
Mix for the treatment is in Table 30. The mix was incubated for 30 min on 37 °C. 
 
Table 30: Mix for treatment with DNAse. 
Preglednica 30: Miks za tretma z DNAzo. 
Volume Material 
5 µg RNA 
10 µL 10x Buffer DNAse I 
10 µL DNAse I 
1.25 µL RiboLock RNase Inhibitor 
To 100 µL RNase free water 
 
Protocol for RNA cleanup: 
Cleanup was done with RNeasy MiniElute Cleanup Kit. 
1. Add 350 µL of RTL buffer and 250 µL of 100% EtOH. 
2. Immediately transfer 700 µL of the sample on the RNeasy MiniElute spin column, 
which is inside of 2 mL collection tube. 
3. Centrifuge 8000 g, 15 s → discard the liquid. 
4. Add 500 µL RPE buffer. 
5. Centrifuge 8000 g, 15 s → discard the liquid. 
6. Add 500 µL 80 % EtOH 
7. Centrifuge 8000 g, 2 min → discard the liquid. 
8. Centrifuge with an open lid at full speed for 5 min, so the membrane dries out → 
transfer the column into fresh 1.5 mL collection tube. 
9. 2x Add 14 µL RNase-free water directly to the middle of the membrane and incubate 
for 5 min → centrifuge at full speed for 1 min. 
10. Store at -80 °C. 
 
Genomic DNA checkup. Genomic DNA is unwanted in RNA samples, so we made a simple 
PCR to check if there was any left. The PCR mix and the PCR program are shown in Table 
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Table 31: PCR mix for genomic DNA checkup. 
Preglednica 31: PCR miks za preverjanje prisotnosti genomske DNA. 
Volume Material 
1 µL RNA sample 
1.25 µL 5i primer 
1.25 µL 3i primer 
2 µL dNTPs 
2.5 µL 10x Buffer 
0.125 µL DreamTaq DNA Polymerase 
16.9 µL ddH2O 
25.025 µL Total 
 
Table 32: PCR program for genomic DNA checkup. 
Preglednica 32: PCR program za preverjanje prisotnosti genomske DNA 
Step Temperature Time  
Initial denaturation 95 °C 2 min  
Denaturation 95 °C 30 s  
Annealing 50 °C 30 s 30 cycles 
Elongation 72 °C 1 min  
Final elongation 72 °C 5 min  
 
RNA integrity checkup. RNA integrity was checked with 2100 Bioanalyzer. The samples 
were prepared with Agilent RNA 6000 Nano Kit. The protocol and the general analysis 
settings are located in 
ANNEX B. 
 
RNA sequencing. The sequencing was done at Campus Science Support Facility GmbH 
(Austria). The sequencing type was Illumina HiSeqV4 with single read 50 bp, 
demultiplexing, 2 lanes with 27 samples. When preparing the mRNA library (NEBNext® 
Ultra™ RNA Library Prep Kit for Illumina), RiboZero was applied to remove the rRNA. 
More details are located in ANNEX C. 
 
3.2.5.2 Bioinformatics analysis 
 
Primary analysis. Raw RNA-seq data (.bam) was first mapped with NextGenMap (version 
0.4.12) default settings (Sedlazeck et al., 2013) to the most recent C. glabrata genome 
version (s02-m07-r04) taken from www.candidagenome.org (Skrzypek et al., 2017). 
Coverage was ≥ 55x. We continued with SAMtools (version 1.3) (Li et al., 2009) to convert 
.sam files to .bam and perform flagstat analysis. The reads were counted with HTSeq-count 
(version 0.6.1) (Anders et al., 2015). The differential expression analysis was done with 
edgeR (version 3.4.2) (Robinson et al., 2009; McCarthy et al., 2012). We always compared 
the samples with perturbation against the untreated samples inside the same time point (for 
example relative fold change in FCL 5 mg/L, 2h against the untreated, 2h) and used the FDR 
< 0.05 for the cut-off value. Scripts of the pipeline and edgeR are located in ANNEX D. 
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Secondary analysis. We used several versions (up to 3.8) of Orange (Demšar et al., 2013), 
to enrich the gene information, explore different subsets of genes and compare them, explore 
their gene ontology, construct heat-maps, combine it with the data from the chemogenomic 
screening, etc. We used GeneMANIA (Warde-Farley et al., 2010) to explore certain 
regulatory interactions. We also extensively used the Candida Genome Database (Skrzypek 
et al., 2017), Saccharomyces Genome Database (Cherry et al., 2012; Cherry, 2015), and 
YeastMine (Balakrishnan et al., 2012) mainly to explore and extract specifics of certain 
genes. 
 
3.2.6 qPCR confirmation 
 
With qPCR we monitored the amplification of targeted DNA during the PCR and in this way 
determined the amount of the targeted DNA. qPCR was used to check/confirm the 
expression of interesting differentially expressed genes found in the transcriptomics 
analysis. We used the same RNA samples as in RNA-seq and followed the protocol 
described in (Tscherner et al., 2012). 
 
cDNA synthesis. It started with the cDNA synthesis from the DNAse treated RNA samples 
from RNA-seq. Each sample was prepared by the following mix – Table 33. 
 
Table 33: cDNA synthesis mix. 
Preglednica 33: Miks za cDNA sintezo. 
Volume Material 
0.5 µg RNA 
1 µL Oligo(dT)18 Primer 
1 µL Random Hexamer Primer 
4 µL 5x Reaction Buffer 
0.5 µL RiboLock RNase Inhibitor 
2 µL dNTP Mix 
1 µL RevertAid Reverse Transcriptase 
Up to 23.5 µL RNase free water 
 
After adding all the ingredients, we mixed it gently, short spin down and incubated at: 
- 10 min, 25 °C 
- 60 min, 42 °C 
- 10 min, 70 °C 
At the end of the incubation, we diluted the reaction 1:15 with DNAse free water → 3 µL 
was sufficient for a single reaction. It was stored at -20 °C. 
 
Control PCR for absence of DNA. The PCR mix and the PCR program are shown in Table 
34 and Table 35, respectively. Genomic DNA was a positive control. 
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Table 34: PCR mix for control PCR for absence of DNA. 
Preglednica 34: PCR miks za preverjanje odsotnosti genomske DNA. 
Volume Material 
1 µL 
Template (cDNA or genomic 
DNA from ATCC 2001) 
0.5 µL Primer mix (qPCR primers) 
2 µL dNTPs 
2.5 µL 10x Buffer 
0.125 µL DreamTaq DNA Polymerase 
18.875 µL ddH2O 
25 µL Total 
 
Table 35: PCR program for control PCR for absence of DNA. 
Preglednica 35: PCR program za preverjanje odsotnosti genomske DNA. 
Step Temperature Time  
Initial denaturation 95 °C 2 min  
Denaturation 95 °C 30 s  
Annealing 62 °C 30 s 30 cycles 
Elongation 72 °C 30 s  
Final elongation 72 °C 3 min  
 
qPCR assay. Mix for each well and the PCR program are located in Table 36 and Table 37, 
respectively.  
 
Table 36: Mix for the qPCR assay. 
Preglednica 36: Miks za qPCR. 
Volume Material 
1.85 µL dH2O 
0.15 µL qPCR primer mix (contains both primers at 25 µM each) 
5 µL KAPA SYBR FAST qPCR Master Mix 
3 µL cDNA 
10 µL Total 
 
Table 37: Program for qPCR. 
Preglednica 37: Program za qPCR. 
Step Temperature Time  
Initial denaturation 95 °C 5 min  
Denaturation 95 °C 10 s 
40 cycles 
Annealing 62 °C 15 s 
Elongation 72 °C 15 s 
Measuring fluorescence   
Melting curve analysis 95 °C 20 s  
 62 °C 20 s  
 Heat up to 95 °C 30 min  
 95 °C 15 s  
 
PGK1 and RIP1 were used as the housekeeping genes (Hnisz et al., 2010; Li et al., 2012). 
Amplification curves were analyzed with Realplex Software (Eppendorf) and the relative 
quantification of mRNA was determined using efficiency corrected ΔΔCt method (Pfaffl, 
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2001; Tscherner et al., 2012). Quantification was done in Excel (Microsoft) and the 
visualization in Graph Pad Prism (GraphPad Software). 
 
3.2.7 Chemogenomic screening 
 
We used the C. glabrata single gene deletion collection (Schwarzmüller et al., 2014) to 
screen, which mutations have an influence in our drug combination setting; which mutations 
lower or increase the susceptibility to selected perturbations (FLC, MPA, and FLC+MPA). 
These mutations are referred as hits. The procedure was described in (Istel et al., 2017). The 
whole library screening was done 3 times. Schematics for the 8 96-well plates are in the 
ANNEX E. 
 
Protocol for the preparation of fresh mutants: 
1. Prepare 200 µL YPD per well (96-well plate) – 8 plates. 
2. Inoculate them with mutants from the frozen stock plates with Singer HAD RoToR 
replication robot – settings for the robot are in Table 38. 
3. Incubate the plates overnight on rotary shaker, 37 °C, 150 rpm. 
 
Protocol for the chemogenomic assay: 
1. Prepare 200 µL YPD per well (96-well plate) – 4 different conditions, 8 plates each 
(total 32 plates): 
- Control (only DMSO) 
- FLC (1 experiment with 5 mg/L FLC; 2 with 8 mg/L FLC) 
- MPA (1 experiment with 5 mg/L MPA; 2 with 8 mg/L MPA) 
- FLC+MPA (1 experiment with 5 mg/L FLC + 5 mg/L MPA; 2 with 8 mg/L 
FLC + 8 mg/L MPA) 
2. Inoculate the plates from the freshly grown mutants with Singer HAD RoToR 
replication robot. 
3. Incubate the plates for 24 and 48 h on rotary shaker, 37 °C, 150 rpm. (*wrap the 
plates with pvc foil, to prevent evaporation) 
4. After 24/48 h read the OD600 using Victor 3 plate reader (before each read, shake the 
plates at 1000 rpm for 20 s). 
 
Table 38: Settings for Singer RoToR HAD. 
Preglednica 38: Nastavitve za Singer RoToR HAD. 
Setting Value/Preset 
Program replicate many 
Recycle none 
Quantity of targets 1 – 4 
Source wet mix none 
Target wet mix none 
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Analysis. Data normalization was done by subtracting OD600 blank (YPD media only) from 
the growth values on each plate. Relative growth was calculated through comparison 
between each mutant on the plate with the perturbation to the same mutant on the control 
plate (only YPD). To determine sensitive and tolerant mutations, the cutoff value of 20 % 
below or above the control values was used, respectively. 
 
Equation 4: Calculation of the relative growth. 
Enačba 4: Izračun relativne rasti. 
𝐺𝑟𝑜𝑤𝑡ℎ [%]  =  
(𝑉𝑎𝑙𝑢𝑒 −  𝐵𝑙𝑎𝑛𝑘)
(




Modulatory effect of mutations (MEM). Within the screening we examined the interaction 
between the two drugs and which mutations enhanced/decreased their modulatory effect. 
 
We calculated the theoretical growth of each mutant against the drug combination (TGAB) 
(Drug A+B) based on a screening with just one drug (A or B). 
 
Equation 5: Calculation of the Theoretical Growth with drug combinations. 
Enačba 5: Izračun Teoretične rasti v kombinaciji zdravil. 
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝐺𝑟𝑜𝑤𝑡ℎ𝐴𝐵 =  𝐺𝑟𝑜𝑤𝑡ℎ𝐴 𝑥 𝐺𝑟𝑜𝑤𝑡ℎ𝐵 
𝐸𝑥𝑎𝑚𝑝𝑙𝑒: 0.63 = 0.7 ∗ 0.9 
… (5) 
We then compared this to the actual growth against the drug combination (AGAB) and 
subtracted it from the TGAB, to get the Growth difference (GDAB). We further normalized 
the data by subtracting from the GDAB the difference between TGAB control and AGAB 
control. 
 
Equation 6: Calculation for the Growth difference between theoretical and actual growth in drug 
combinations, and its normalized value – the so-called Modulatory effect of mutations. 
Enačba 6: Izračun Razlike v rasti med teoretično in dejansko rastjo v kombinaciji zdravil in normalizacija te 
vrednosti – tako imenovani Modulatorni učinek mutacij. 
𝐺𝑟𝑜𝑤𝑡ℎ 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝐴𝐵 =  𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝐺𝑟𝑜𝑤𝑡ℎ𝐴𝐵 −  𝐴𝑐𝑡𝑢𝑎𝑙 𝐺𝑟𝑜𝑤𝑡ℎ𝐴𝐵  
𝐸𝑥𝑎𝑚𝑝𝑙𝑒: 0.30 = 0.63 − 0.33 
𝑀𝐸𝑀 =  𝐺𝑟𝑜𝑤𝑡ℎ 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝐴𝐵 − (𝑇𝐺𝐴𝐵−𝐶𝑜𝑛𝑡𝑟𝑜𝑙 −  𝐴𝐺𝐴𝐵−𝐶𝑜𝑛𝑡𝑟𝑜𝑙) 
𝐸𝑥𝑎𝑚𝑝𝑙𝑒: 0.33 = 0.30 − (0.96 − 0.99) 
… (6) 
We used a cut-off value of 20 % and filtered the MEM results to positive and negative. 
Interpretation: 
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- Positive values → this mutation is more detrimental in the drug combination; our 
observed antagonistic effect is weaker, for example this mutation weakens the 
antagonistic phenotype. 
- Negative values → this mutation is less detrimental in the drug combination; our 
observed antagonistic effect is in this case stronger, for example this mutation 
enhances the antagonistic phenotype. 
 
As it goes for our example, the calculated MEM value of 0.33 is interpreted as: this mutation 
is more detrimental in the drug combination, there is a possibility it has a weaker antagonistic 
interaction or the antagonistic effect is even reverted. 
 
Confirmation of the results. After the analysis we got a list of preliminary hits, mutations 
that lower or increase the susceptibility against FLC, MPA or FLC+MPA. To confirm the 
results, if the mutations make cells more sensitive or tolerant, we used for single drugs (FLC 
or MPA) the drug susceptibility assay (chapter 3.2.1), and for the combination (FLC+MPA) 
the checkerboard assay (chapter 3.2.2). 
 
3.2.8 Fluorescence-activated cell sorting 
 
With fluorescence-activated cell sorting (FACS) we observed the membrane integrity 
(sorting the cells by the amount of propidium iodide in cells), and activity of the efflux 
pumps (sorting the cells by the amount of rhodamine 6G or labelled posaconazole in cells). 
 
Propidium iodide accumulation assay to determine membrane integrity: 
Overnight culture of HTL cells grown on 37 °C, 150 rpm was diluted to OD600 0.1 in YPD 
and regrown on rotary shaker, 37 °C, 150 rpm by the following setting: 
- Untreated 22 h (DMSO) 
- FLC 64 mg/L, 22 h 
- MPA 32 mg/L, 22 h 
- FLC 64 mg/L + MPA 32 mg/L, 22 h 
- Untreated 8 h (DMSO) 
- FLC 64 mg/L, 8 h 
- MPA 32 mg/L, 8 h 
- FLC 64 mg/L + MPA 32 mg/L, 8 h 
- Unstained and heat-killed control 
 
These settings were determined by the growth curve experiments (chapter 3.2.3), using the 
concentrations that “rescued” the growth in Erlenmeyer flasks on rotary shaker. The same 
concentration of FLC as the single drug inhibits the growth more than the combination of 
FLC+MPA, even thou the MPA is antifungal as well. Propidium iodide (PI) is a membrane-
impermeable DNA-intercalating dye and higher amounts in cells correlate to higher 
membrane stress/damage.  
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1. Harvest the cells by centrifugation at 1000 g, 5 min. 
2. Resuspend the pellet in 1 mL PBS → transfer to amber Eppendorf tubes. 
3. Wash the cells 2x - short spin at 1000 g, 15 s → discard the supernatant → resuspend 
in 200 µL PBS. 
4. Remove supernatant → resuspend in 500 µL PBS and 200 µL PI suspension (2 mg/L 
in PBS). 
5. Incubate the suspension for 30 min in the dark. 
6. Add 10 µL cell suspension to 1 mL of PBS in FACS tubes. 
7. Measure on BD LSRFortessa flow cytometer using PE-Texas Red (PI) channel 
8. Analyze the data with FlowJo software (Treestar). 
 
Rhodamine 6G accumulation assay. R6G is excreted from the cell by the same mechanism 
as the azole antifungals – the efflux pumps. With the amount of R6G left in cells we can 
correlate to the activity of the efflux pumps (Tsai et al., 2004; Cernicka et al., 2007). Same 
preparation of HTL cells as in the Propidium iodide accumulation assay, start with OD600 
0.1, YPD on rotary shaker, 37 °C, 150 rpm: 
- Untreated 8 h (DMSO) 
- FLC 64 mg/L, 8 h 
- MPA 32 mg/L, 8 h 
- FLC 64 mg/L + MPA 32 mg/L, 8 h 
- Cgpdr1Δ untreated 
- Unstained control 
 
Protocol: 
1. After 7 h transfer 1 mL of cells to amber Eppendorf tubes with R6G (final 
concentration 25 mg/L) → incubate for 1 h on an Eppendorf Thermomixer, 750 rpm, 
37 °C. 
2. Centrifuge 1000 g, 1 min, 4 °C. 
3. Wash the cell 2x with 1 mL ice-cold PBS. 
4. Resuspend in 1 mL of ice-cold PBS → add 100 µL of cells in 900 µL ice-cold PBS. 
5. Measure fluorescence intensity of BDP-PCZ on BD LSRFortessa flow cytometer 
using 488 nm laser and FL-1 filter. 
6. Analyze the data with FlowJo software (Treestar). Statistical analysis with one-way 
ANOVA and Bonferroni’s multiple comparison test. 
 
Labelled pocasonazole accumulation assay. Similar as R6G we used boron-
dipyrromethene labelled posaconazole (BDP-PCZ) (Campoli et al., 2013) to observe the 
efflux pump activity through accumulation of an actual azole antifungal. BDP-PCZ was 
kindly provided by David S. Perlin. We confirmed the antifungal activity of BDP-PCZ using 
the drug susceptibility test (chapter 3.2.1). DMSO stock solution for BDP-PCZ was 210 
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mg/L. Same preparation of HTL cells as the Propidium iodide accumulation assay, start with 
OD600 0.1, YPD on rotary shaker, 37 °C, 150 rpm: 
- Untreated 7 h (DMSO) 
- MPA 32 mg/L, 7 h 
- Cgpdr1Δ untreated 
- Unstained control 
 
Protocol: 
1. After 6 h transfer 1 mL of cells to amber Eppendorf tubes with 5.25 mL/L BDP-PCZ 
and 1.3 mg/L PCZ, respectively. 
2. Incubate the tubes for 1 h on an Eppendorf Thermomixer, 750 rpm, 37 °C.  
3. 2x washing in ice-cold PBS. 
4. Measure fluorescence intensity of BDP-PCZ on BD LSRFortessa flow cytometer 
and analyze the data with FlowJo software (Treestar). 
 
3.2.9 Confocal laser scanning microscopy 
 
We used confocal laser scanning microscopy (CLSM) to observe the accumulation of R6G 
and BDP-PCZ as well. From the Rhodamine 6G accumulation assay (chapter 3.2.8) and 
BDP-PCZ accumulation assay (chapter 3.2.8) we took 1 mL samples at 1st point of the 
Protocol and added 25 mg/L R6G and 5.25 mL/L BDP-PCZ, respectively. We added 2.5 µL 
of Calcofluor White (stock 1 g/L) in both samples and incubated them in amber Eppendorf 
tubes for 1 h on an Eppendorf Thermomixer, 750 rpm, 37 °C. Imaging was carried on a 
confocal laser scanning microscope and image analysis was performed with Fiji software 
(Rueden et al., 2017; Schindelin et al., 2012). 
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4 RESULTS AND DISCUSSION 
 
Based on our first goal, we performed roughly 150 drug susceptibility assays (chapter 3.2.1) 
and 250 checkerboard assays for the evaluation of different drug combinations (chapter 
3.2.2). These results highlighted the synergy between the calcineurin inhibitors (CsA and 
Fk506) and antifungals (FLC, ITC, AMB), and antagonism between purine synthesis 
inhibitor MPA and azole antifungals. To examine the underlying mechanism of this 
antagonism (the second goal) we performed several preliminary growth curve tests (chapter 
3.2.4) to determine the settings for the transcriptomics (chapter 3.2.5) and different FACS 
assays (chapter 3.2.8). Additional drug susceptibility and checkerboard assays were done to 
establish the optimal settings for the chemogenomic screening (chapter 3.2.7). 
Transcriptomics yielded 343 differentially expressed genes induced by FLC, 1423 by MPA, 
and 1505 by the combination of FLC + MPA – the list is found in ANNEX I. The 
differentially expressed genes were annotated, paired with their homologues in S. cerevisiae, 
clustered by the gene ontology, and certain groups of genes were further examined for their 
function and regulatory networks. Out of circa 800 single gene deletion mutants we found 
28 hits (mutations that affect the susceptibility to a certain perturbation) in the 
chemogenomic screening for FLC, 26 hits for MPA, and 17 for the combination of both 
drugs – results are in ANNEX H. For the confirmation of the hits we did around 100 drug 
susceptibility assays and 100 checkerboard assays – part of these results is in ANNEX L. 
The results pointed to increased activity of the efflux pumps, and to confirm this, we made 
a few Rhodamine 6G and labeled posaconazole accumulation assays with FACS (chapter 
3.2.8), and observed this phenotype with CLSM (chapter 3.2.9). The experimental design of 
the thesis is on Figure 20. 
 
4.1 1st GOAL – DRUG COMBINATIONS VS. CLINICAL ISOLATES 
 
For the first goal we examined drug combinations between immunosuppressive (MPA, CsA, 
Fk506 and MTX) and antifungal (FLC, ITC and AMB) drugs and their potential modulatory 
effects (antagonistic or synergistic) versus clinical isolates of the pathogen Candida glabrata 
(Table 6). We also included S. cerevisiae clinical isolates (Table 7), partly because of 
common ancestry with C. glabrata. In case the effect is present in both species, we could 
get some help from the extensive research done on model organism S. cerevisiae and link it 
to its homologues in C. glabrata. 
 
Before we could test the actual combinations, we had to get the basic idea of the MICs 
against each individual strain via the drug susceptibility assay (chapter 3.2.1). Results show 
great variability in drug susceptibility among clinical isolates against antifungals and a more 
stable tolerance against the immunosuppressives - Table 39. 
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Table 39: Varied susceptibility of clinical isolates against individual drugs. 
Preglednica 39: Raznolika občutljivost kliničnih izolatov na posamezna zdravila. 
  MIC range [mg/L]a 
Strain Species FLC ITC AMB MPA MTX CsA Fk506 
ZIM 2558 S. cerevisiae 4-8 1-2* 0.125-0.5 >120 >200 >16 >400 
ZIM 2566 S. cerevisiae 32-64* 2-4* 0.25 >120 >200 >16 >400 
ZIM 2247 S. cerevisiae 16-32* 2-4* 0.25 120 >200 >16 >400 
ZIM 2255 S. cerevisiae 1-2 0.5-1 0.5 120 >200 >16 200 
ZIM 2260 S. cerevisiae 4-8 1-2* 0.25 120 >200 >16 >400 
ZIM 2269 S. cerevisiae 8-16 1 0.125-0.25 >120 >200 >16 200 
ZIM 2344 C. glabrata 2-4 1 0.25-0.5 >120 >200 >16 >400 
ZIM 2365 C. glabrata 2-4 0.5-1 0.5-1* 120 >200 >16 >400 
ZIM 2369 C. glabrata 4-16 0.125-1 0.125-0.5 >120 >200 >16 >400 
ZIM 2382 C. glabrata 2-4 0.25-0.5 0.125-0.5 >120 >200 >16 >400 
ZIM 2385 C. glabrata 64-128* 4-16* 0.5 >120 >200 >16 >400 
ZIM 2389 C. glabrata 128* 128* 0.125-0.25 >120 >200 >16 >400 
a * - resistant according to EUCAST breakpoints (EUCAST, 2017) - Table 2. 
FLC – fluconazole, ITC – itraconazole, AMB – amphotericin B, MPA – mycophenolic acid, MTX – 
methotrexate, CsA – cyclosporine A 
 
The strains were selected from a larger pool. The criterion of selection was to have a wide 
range of strains with different antifungal MICs to test our immunosuppressive agents 
against. We wanted to cover potentially different responses form the more susceptible to the 
fully resistant strains. The drug combinations were done according to chapter 3.2.2. The 
results obtained from the checkerboard assays and their interpretations are located in Figure 
22. 
 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  





Figure 22: Drug interaction interpreted by FICI and BI models for selection of 12 clinical isolates against 12 
drug combinations. 
Slika 22: Interpretacija interakcij med zdravili s FICI in BI modeli za 12 kliničnih izolatov proti 12 
kombinacijami zdravil. 
Each square includes overall average values of the several repeats for each drug combination and strain. Yellow 
color is reserved for synergy and blue for antagonism. Darker colors signify confirmation of the effect by both 
FICI and BI, lighter color only by one model. Interpretation by FICI: synergistic ≤ 0.5; indifferent/additive 0.5 
– 4; antagonistic ≥ 4 (Odds, 2003). Interpretation by BI (ΣSYN - sum of significant positive and ΣANT - sum 
of significant negative values): positive values are interpreted as synergy and negative as antagonism, where 
absolute sum of all ΣSYN or ΣANT was considered as a weak (0 – 100%), moderate (100 – 200%) or strong 
(> 200%) interaction (Meletiadis et al., 2005). 
MPA – mycophenolic acid, MTX – methotrexate, CsA – cyclosporine A, FLC – fluconazole, ITR – 
itraconazole, AmB – Amphotericin B 
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Interpretation. Interpretations based on FICI and BI correlated towards the same trend for 
all the drug combinations. If FICI interpreted a significant effect it was almost always 
confirmed by BI. BI on the other hand scored more hits than FICI, making it, in this case, a 
more sensitive model to evaluate drug interactions and a welcomed addition to the evaluation 
repertoire, because the intricacies of certain interactions are missed if only focused on MICs 
– as it is done when using FICI. This type of interpretation is very useful and practical for 
large numbers of samples/combinations, because you can apply automatization, and 
relatively quickly get the general idea, spot the potential modulatory effects. However, in 
our opinion it is still best to observe the actual pattern/layout of the relative growth in the 
whole drug combination interaction surface – example of this is in Figure 23AB, where we 
observe the typical antagonistic interaction/pattern between FLC+MPA. Another way to 
observe is through the actual growth curves – even where FICI and BI hits were negative, 
the antagonistic interaction was still visible – Figure 25. With this kind of a visual 
representation the interaction and interpretation become clearer and easier to understand. 
 
FLC+MPA combinations were mostly (8 out of 12 strains) interpreted as antagonistic 
(except in already highly resistant strains and ZIM 2344, which was highly sensitive to 
almost all combinations), whereas AMB+MPA combination had mostly synergistic effect 
(different 8 out 12 strains). Majority (67 out of 72) of the interactions between antifungals 
and calcineurin inhibitors (CsA and Fk506) were synergistic. Drug interactions with MTX 
had strain-specific and weak responses and therefore one cannot generalize them to a 
common interpretation or say that there is any really significant overall interaction between 
the drugs. 
 
4.1.1 Synergism: Calcineurin inhibitors + antifungals 
 
The synergism between calcineurin inhibitors (CsA, Fk506) and antifungals is well known 
and documented (Steinbach et al., 2007; Yu et al., 2015). Calcineurin is a principal regulator 
of cellular stress responses in eukaryotes. In pathogenic fungi it regulates several 
physiological processes like cell cycle progression, cation homeostasis, morphogenesis, 
virulence, and antifungal drug responses (Figure 17) (Steinbach et al., 2007), and is crucial 
for survival during membrane stress in C. albicans (Cruz et al., 2002). Prior to the beginning 
of this study, there weren’t any reports of this in C. glabrata, but they have arrived since (Li 
et al., 2015; Denardi et al., 2015). 
 
In this work we observed the vast majority of interactions between calcineurin inhibitors and 
antifungals as synergistic (67 out of 72). There are certain instances/strains, where the 
interaction isn’t always synergistic – it happened only with S. cerevisiae isolates in 
CsA+FLC (ZIM 2558, ZIM 2566 and ZIM 2260), and goes to some degree in hand with the 
report, where they didn’t see any interaction in S. cerevisiae (Cruz et al., 2002). Still, 
majority of interaction in S. cerevisiae and C. glabrata were strongly synergistic. This 
further provides evidence that calcineurin inhibitors are a valuable secondary target in 
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developing antifungal therapies – especially if developed in a way that they specifically 
inhibit only fungal calcineurin (Yu et al., 2015). 
 
4.1.2 Antagonism: mycophenolic acid + azoles 
 
Antagonism between MPA and azoles wasn’t previously reported. It was most prevalent in 
combination with FLC, but even there the highly resistant strains didn’t show the 
antagonistic interaction. That is probably because the antagonistic interaction doesn’t go 
beyond the typical resistance mechanisms (chapter 2.2.1), which define the resistance 
breakpoints (EUCAST, 2017); in other words, it doesn’t make the already resistant strains 
even more resistant. In this way it is reserved for less resistant/susceptible strains, making 
them more resistant/tolerant to azoles. 
 
All azoles show antagonistic interaction with MPA. We made sure it is not only the case 
for FLC (and some ITC), by testing MPA combinations with several other azole antifungals 
(chapter 3.2.2). We used the reference strain ATCC 2001, because we decided (annotated 
genome (Dujon et al., 2004)) to use this strain (and its isogenic HTL) for the functional 
genomics and further exploration of the mechanism.  
 
Table 40: Interactions of azole antifungals and mycophenolic acid against C. glabrata ATCC 2001 their 
interpretationa. 





FICI (+ MPA) BI (+ MPA)b 
(range) Interpretation ΣSYN (n) ΣANT (n) Interpretation 
FLC 32 1.06-2.5 IND 0 -266.9% (15) ANT 
ITC 0.25 1.25-4.25 ANT 0 -477.41% (22) ANT 
KCT 0.5 1.25-4.125 ANT 0 -229.8% (12) ANT 
VRC 0.25 1.063-2.5 IND 53.1% (7) -284.2% (11) ANT 
POS 0.25 1.5-4.125 ANT 0 -321.1% (9) ANT 
a IND, indifference; ANT, antagonism;  
b n, number of drug combinations (among 49 drug combinations for each strain) with statistically significant 
synergy or antagonism. 
MPA – mycophenolic acid, FLC – fluconazole, ITC – itraconazole; KCT – ketoconazole; VRC – voriconazole; 
POS – posaconazole 
 
Suppressive type of antagonism. Interpretations are defined by the shape of lines of equal 
effect in two-drug concentration space (Bollenbach, 2015) – growth rate and the MIC line 
in two-dimensional concentration space of MPA and FLC. We observed the pattern of the 
FLC+MPA interaction and it shows light suppression. Suppression is a hyper-antagonistic 
interaction, where drug A alleviates the effect of drug B (Figure 23C) in our case MPA 
alleviates the effect of FLC – Figure 23. 
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Figure 23: Suppressive antagonism between mycophenolic acid and fluconazole against C. glabrata ATCC 
2001 and HTL with the theory behind it. 
Slika 23: Supresivni antagonizem med mikofenolno kislino in flukonazolom proti kvasovki C. glabrata ATCC 
2001 in HTL ter teorija za supresivnim antagonizmom. 
A, B – Average relative growth over several repeats of C. glabrata ATCC 2001 and HTL against different 
concentrations of FLC+MPA, respectively. In both strains we see MIC values for FLC at 32 mg/L and restored 
growth/higher tolerance at the same FLC concentration with an addition of MPA (most at 8 and 16 mg/L). The 
orange dotted line connects the MIC values of MPA and FLC. The shape above it signifies suppressive 
antagonism – as is theoretically represented and explained in C (Adapted form Bollenbach, 2015). 
 
Growth curves. We replicated this phenotype in Erlenmeyer flasks on a rotary shaker 
(chapter 3.2.3), because we required this setting to obtain larger amounts of biomass for 
FACS assays (chapter 3.2.8) – Figure 24C. We also determined minimal concentrations of 
FLC, MPA, and FLC+MPA, and time, when they start to show inhibitory effects in liquid 
YPD on a rotary shaker against C. glabrata ATCC 2001 – Figure 24A. 5 mg/L 
concentrations across all the drugs and time points of 2 and 4 h were used for the 
transcriptomics. 
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Figure 24: Growth curves with different combinations of fluconazole and mycophenolic acid. 
Slika 24: Krivulje rasti z različnimi kombinacijami flukonazola in mikofenolne kisline. 
A – lower concentrations of antifungal/immunosuppressive, just enough to trigger the response in C. glabrata 
ATCC 2001. First differences happen around 2 h, this is our first time point for transcriptomics experiment, 
and the next is at 4 h. B – 64 mg/L of FLC combined with 32 mg/L best displays the antagonistic interaction 
in Erlenmeyer flask on a rotary shaker. C – Confirmation that the FLC 64 mg/L + MPA 32 mg/L is the 
combination that clearly shows the antagonistic interaction. 
F – FLC; M – MPA; values in mg/L 
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Mycophenolic acid and mycophenolate mofetil have the same effect. MPA and its 
derivate/prodrug mycophenolate mofetil (MMF) are inhibitors of inosine-5’-monophosphate 
dehydrogenases (IMPDH), which is a highly conserved enzyme for the de novo synthesis of 
guanine nucleotides (Shah and Kharkar, 2015). We compared both agents in the combination 
with FLC (chapter 3.2.2) – Table 41, and they showed similar antagonistic results. 
 
Table 41: Antagonistic interaction with either mycophenolic acid or mycophenolate mofetil combined with 
fluconazole against clinical isolates. 
Preglednica 41: Antagonizem s flukonazolom tako z mikofenolno kislino kot tudi z mikofenolat mofetilom 








 ΣSYN (n) ΣANT (n)  ΣSYN (n) ΣANT (n) 
ZIM 2260 1.1-3 122.5 % (8) -402.3 % (17) 0.7-2.0 67.7 % (3) -222.8 % (9) 
ZIM 2365 1.0-2.1 142.07% (9) -642.09 % (20) 1.0-8.5 61.31 % (6) -545.40 % (14) 
ZIM 2389 1.0-2.3 84.93% (11) -298.16 % (14) 1.0-2.3 195.56 % (12) -54.11 % (4) 
a n, number of drug combinations (among 49 drug combinations for each strain) with statistically significant 
synergy or antagonism. 
FICI – fractional inhibitory concentration index, BI – Bliss independence criterion 
 
MPA has antifungal effect. Function of IMPDH is conserved in pathogenic fungi and its 
inhibition leads to rapid depletion of intracellular purine GTP pool to 10% of normal level 
(Qiu et al., 2000), which has a detrimental effect on growth (C. glabrata ATCC 2001 and 
HTL MPA MICs are 32 mg/L - Figure 23). With this in mind and other reports (Banerjee et 
al., 2014), which describe synergistic effects with AMB (similar as in column 3 MPA + 
AMB - Figure 22), we did not expect this suppressive antagonism. 
 
C. albicans also shows glimpses of the FLC+MPA antagonism. We did a checkerboard 
assay (chapter 3.2.2) with the reference strain C. albicans ATCC 10261, which through 
interpretation via FICI or BI didn’t show modulatory effects (FICI (1.0 – 2); BI (ΣSYN 217.6 
%, ΣANT -27.65 %)), nevertheless there was an unusual recovery of growth at FLC 
0.125/0.25 mg/L + MPA 16/32 mg/L, which is clearly visible on a growth curve – Figure 
25. This is a promising lead to uncover a universal drug response in several yeast pathogens 
and should be explored in the future. Place to start is with new FLC+MPA checkerboard 
assays against various C. albicans (and other pathogenic yeast) clinical isolates. 
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Figure 25: Antagonistic interaction between mycophenolic acid and fluconazole in C. albicans ATCC 10261 
visible through restored growth at higher concentrations of mycophenolic acid. 
Slika 25: Antagonizem med mikofenolno kislino in flukonazolom v C. albicans ATCC 10261 viden s 
povrnjeno rastjo pri višjih koncentracijah mikofenolne kisline. 
F – fluconazole, MPA – mycophenolic acid 
 
Clinical setting. MPA (and its prodrug MMF), is widely used as a maintenance 
immunosuppressive regimen in solid organ transplant patients, as the prophylaxis and 
treatment of acute and chronic graft-versus-host disease, as well as to promote engraftment 
after hematopoietic stem cell transplantation (Zhang and Chow, 2016). Possible antifungal 
prophylaxis (Brizendine et al., 2011) or actual treatments with azole antifungals in these 
cases should therefore be used with caution or go for other suitable solutions. Logical next 
steps would include an in vivo evaluation of the combination and to include the whole set of 
drugs for a prescribed treatment (for example typical a cocktail of prednisolone, MPA and 
cyclosporine A in solid organ transplantations (Sollinger, 1995)). 
 
Suppressive antagonism selects susceptible strains against resistant ones (Chait et al., 2007), 
which could be applicable, although on the other hand it also raises the tolerance of those 
susceptible, which can be detrimental to the therapy or even forcibly select/evolve the 
susceptible strains into resistant (especially having in consideration the mutator genotype of 
C. glabrata (Healey et al., 2016)). There is even a report (Meier-Kriesche et al., 1999), which 
found a statistically significant increase in fungal infections in their geriatric renal transplant 
population, when receiving MMF versus azathioprine, but the specific organisms and sites 
of infection were not reported (Ritter and Pirofski, 2009). Based on our results this could 
indicate that the suppressive antagonism is connected to this increase in fungal infections. It 
opens up a research path to a phenomenon, which could have importance in a clinical setting. 
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4.2 2nd GOAL – MECHANISM OF AZOLE RESISTANCE INDUCED BY MPA 
 
To dig at the underbelly of the mechanism(s) responsible for the induced resistance to azoles, 
we sought answers through functional genomics. This included construction of double 
ERG11, IMD4 knockout, chemogenomic screening of the single gene deletion C. glabrata 
collection, transcriptomics and fair amount of bioinformatics to make sense of all the data. 
 
4.2.1 Double knockout ERG11, IMD4 
 
Usually the first step to explain certain mechanism is to create a knockout of the target genes 
– in this case a double knockout of the ERG11 (CAGL0E04334g; homologue to S. cerevisiae 
ERG11) as the target of FLC, and IMD4 (CAGL0K10780g; homologue to S. cerevisiae 
IMD4) as the primary target of MPA (Skrzypek et al., 2017). Increased resistance in the 
double knockout would confirm that the inhibition of primary targets is the sole reason for 
the antagonistic interaction. 
 
IMD4 mutant has a severe growth retardation and compromised membrane integrity, 
which could lead to modulation of drug resistance. Construction of the gene deletion 
cassette, transformation, and confirmation by colony PCR and “loss of gene” PCR were 
successful – Figure 26. Due to severely compromised growth phenotype the mutant 
displayed, we weren’t able to use it in drug susceptibility (chapter 3.2.1), drug combination 
(chapter 3.2.2), and growth curve (chapter 3.2.3) assays. For example, drug susceptibility or 
combination assays with CgImd4Δ took, instead of the typical 24 h, 5-7 days, which hinders 
these tests obsolete, since we have skewed results due to the evaporation of the media, and 
no points of reference to compare the growth differential with (the untreated samples 
completely overgrow any concentration of drugs in this long period of time). 
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Figure 26: Transformation and confirmation of the CgImd4Δ mutant. 
Slika 26: Transformacija in potrditev njene uspešnosti za CgImd4Δ mutanto. 
A – deletion cassette for gene IMD4; B – colony PCR of transformants, products form the 5’ flank and 3’ – 
successful mutant has to have both fragments (Figure 21); successful transformant is marked at number 6 from 
the left; D – colony PCR of number 6 mutant, confirmation of both 5’ and 3’ flank; C – final confirmation with 
the “loss of gene” PCR, the mutant has to be negative, whereas the positive control (HTL) needs to have a 
product. 
IMD4 – gene name; imd4 – IMD4 mutant; - negative control 
 
The slow growth made it very hard to use this strain in various assays, so we tried to 
supplement the media with xanthosine – precursor to GMP, which synthesis is blocked in 
CgImd4Δ, but there wasn’t a significant growth improvement. 
 
The membrane integrity (measured with accumulation of propidium iodide, chapter 3.2.8) 
was severely compromised in the CgImd4Δ. The more PI accumulated, the more 
compromised the membrane integrity is. Even the untreated CgImd4Δ had relatively high 
fluorescence levels of PI, for example comparable to the parent HTL strain treated with 64 
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Table 42: Comparison of membrane integrity by the amount of propidium iodide fluorescence in C. glabrata 
HTL parent and CgImd4Δ mutant strain. 
Preglednica 42: Primerjava integritete membrane skozi nivo fluorescence propidijevega jodida v starševskem 
sevu C. glabrata HTL in CgImd4Δ mutant. 
Strain Condition Mean (n = 9) PI fluorescence 
HTL Unstressed 4.33 
CgImd4Δ Unstressed 286.57 
HTL FLC 64 mg/L, 4 h 221.57 
HTL MPA 32 mg/L, 4 h 182.57 
HTL FLC 64 mg/L + MPA 32 mg/L, 4 h 742.57 
CgImd4Δ FLC 64 mg/L, 0.5 h → 4 h 728.57 → 373.57 
CgImd4Δ MPA 32 mg/L, 0.5 h → 4 h 2050.57 → 586.57 
CgImd4Δ FLC 64 mg/L + MPA 32 mg/L, 0.5 h → 4 h 1678.57 → 1890.57 
FLC – fluconazole; MPA – mycophenolic acid 
 
Changes in membrane composition, stress, and damage trigger several regulatory cascades 
(PKC/CWI, calcineurin, and TORC2 signaling pathways), which are all involved in eventual 
modulation of the drug resistance mechanisms – Figure 3 (Kołaczkowska and 
Kołaczkowski, 2016). 
 
The results in Table 42 show that MPA alone and in combination induces membrane 
stress in both HTL and CgImd4Δ mutant. 
 
Unable to construct ERG11 knockout and the double knockout. Haploid nature of C. 
glabrata prevents or at least makes it quite difficult to construct knockouts of important 
genes for example ERG11. We made 2 different gene deletion cassettes (one with flanking 
regions cca. 500 bp, the second with 800 bp) for ERG11 knockout, repeated several 
transformations, and tried to supplement the recovery media with ergosterol – all in vain. 
This combined with the severe growth phenotype of CgImd4Δ stopped our pursuit in 
creating a double knockout. 
 
4.2.2 Chemogenomic screening 
 
Screening of the single gene deletion C. glabrata mutants (chapter 3.2.7) against FLC, MPA, 
and the combination of both drugs produced 28 hits (gene deletions that significantly change 
the susceptibility of C. glabrata) for FLC, 26 for MPA, and 17 for the combination of both 
drugs. The hits were confirmed by the drug susceptibility (chapter 3.2.1) and checkerboard 
assays (chapter 3.2.2). Based on these results we constructed the overview of the overlap 
between hits for all three perturbations (FLC, MPA, FLC+MPA) in Figure 27. 
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Figure 27: C. glabrata mutants with significantly changed susceptibility by fluconazole, mycophenolic acid, 
and the combination of both. 
Slika 27: C. glabrata mutante s signifikantno spremenjeno občutljivostjo na fluconazol, mikofenolno kislino 
in njuno kombinacijo. 
A – Chemogenomic overlap of the hits with FLC, MPA, and the combination of both. B – functional categories 
for the overlap between FLC (5-8 mg/L), MPA (5-8 mg/L) and FLC + MPA (5-8 mg/L) (FM) in C. Solid lines 
indicate strong phenotype, the mutation causes significant sensitivity to the perturbation (color of lines as the 
perturbation color) or significant tolerance to the perturbation (color of lines dark green). Dotted lines indicate 
weaker phenotype. 
*CAGL0D02750g – was since deleted from CGD (Skrzypek et al., 2017) based on gene expression analysis 
in C. glabrata conducted by (Linde et al., 2015) and was therefore excluded from further analysis. 
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Unsurprisingly a lot of mutations (15 out of 35) were connected with transcriptional 
regulation and signal transduction, because these types of mutations have a strong phenotype 
when screened against different drug perturbations. A bit more surprising was the relatively 
big overlap of the hits between FLC and MPA (20 out of 28 or 26, respectively). Following 
up we examined certain mutants with checkerboard assay (chapter 3.2.2). 54 mutations were 
tested: all of the ones significantly changing the sensitivity, and new candidates through 
calculated significant modulatory effect of mutations – chapter 3.2.7, and candidates from 
enriched networks via GeneMANIA (Warde-Farley et al., 2010). Only one, the YPK1 
deletion, didn’t display the antagonistic phenotype – ANNEX L. 
 
FLC and MPA overlap.  
The overlap between FLC and MPA covers 20 genes – 
Figure 27. Most of them increased sensitivity to the 
perturbations, however only TPK2 deletion increased 
the tolerance against both drugs. TPK2 is part of the 
catalytic subunit of cAMP-dependent protein kinase 
(PkA), the effector kinase of Ras-cAMP signaling 
pathway (Santangelo, 2006) – Figure 2. PkA through 
binding to several transcription factors (Rap1, Hsf1, 
Adr1, Msn2/Msn4, Ssn2), metabolic enzymes (Cho2, 
Pfk2, Nth1), and other regulatory kinases (Rim15, Atg1) 
regulates processes involved in cell growth and responses connected to nutrient sensing, 
energy metabolism, carbohydrate utilization, cell cycle progression, thermotolerance, 
osmotic shock tolerance, sporulation, bud site selection, pseudohyphal growth, aging, and 
autophagy (Santangelo, 2006; Cherry et al., 2012). Deletion of TPK2 can result in overacting 
of aforementioned processes and leads to excess cell growth (cancer in mammalian 
homologues), which could somehow explain the increased resistance. TPK2 deletion 
presents an interesting entry tool to study certain resistance mechanisms for future 
endeavors. The deletion of Tpk3 PkA isoform leads to improved cell proliferation in petite 
mutants with deleted mtDNA (Akdoğan et al., 2016). 
Figure 28: FLC and MPA overlap. 
Slika 28: Prekrivanje pri FLC in MPA. 
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Figure 29: Deletion of TKP2 increased resistance against both drugs on the checkerboard assay (chapter 3.2.2). 
Slika 29: Delecija gena TPK2 poveča odpornost na obe zdravili, prikazano s testom kombinacij zdravil 
(poglavje 3.2.2). 
 
Another mutation that increased the tolerance, although this time only for MPA, is BIG1, 
and significantly decreased the tolerance for FLC. BIG1 is an endoplasmic reticulum (ER) 
membrane protein required for normal levels of cell wall beta-1,6-glucan (Azuma et al., 
2002).  
 
8 out of 20 shared mutations with increased sensitivity to MPA and FLC are connected to 
cell wall organization or biogenesis (KRE6, BIG1, SWM1, CNA1, ROT2, KTR2, CNB1, and 
YPK1) – which indicates that the cell wall/membrane plays an important role in cell 
response to both perturbations. 7 other mutations (HAP1, POP2, SSN8, SSN3, ZCF7, 
MCM1, RPD3) with increased sensitivity to MPA and FLC are connected to regulation of 
transcription from RNA polymerase II, and CKA2 to regulation of transcription from 
RNA polymerase I. Last two were the integral membrane ER chaperone CNE1 for protein 
folding, and OST3, which showed a relatively weak phenotype against both drugs, and is 
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FLC, MPA, FLC + MPA overlap. 
Among the 8 in the overlap of all three perturbations, 5 
(MCM1, POP2, SSN3, SSN8, ZCF7) are promoters for 
transcription from RNA polymerase II and 2 (YPK1, 
ROT2) are involved in cell wall organization. (The last one 
is OST3, already briefly described). ROT2 is glucosidase II 
catalytic subunit, which is required for normal cell wall 
synthesis (Cherry et al., 2012). ROT2 mutations increase 
GDP/GTP exchange activity toward RHO1, activating it 
independently of TOR2, inducing polarization of the actin 
cytoskeleton and cell wall synthesis (Bickle et al., 1998). 
 
 
A serine/threonine protein kinase YPK1 (CAGL0K03399g) is a very interesting hit. It 
participates in cellular sphingolipid homeostasis by negatively regulating sphingolipid 
biosynthesis. Sphingolipids are membrane components with a central role in signal 
transduction, cell regulation, and virulence in pathogenic fungi (Thevissen et al., 2007). Out 
of all the mutants we tested to confirm their phenotypes on the checkerboard assay (chapter 
3.2.2), CgYpk1Δ was the only mutant that didn’t show the suppressive antagonistic 
pattern any more (FICI 0.63-1.03; ΣSSI not significantly positive or negative) – Figure 31. 
This indicates that YPK1 has an important role in the mechanism behind the antagonism and 
further points in the direction that the stress and signaling linked to cell wall/membrane/lipid 
composition plays a key role. 
Figure 30: FLC, MPA, FLC+MPA 
overlap. 
Slika 30: Prekrivanje pri FLC, 
MPA, FLC+MPA 
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Figure 31: CgYpk1Δ doesn’t have the suppressive antagonistic pattern and lowers the resistance to fluconazole, 
mycophenolic acid, and the combination. 
Slika 31: Mutanta CgYpk1Δ zniža odpornost na flukonazol, mikofenolno kislino in njuno kombinacijo ter 
izgubi supresivni antagonizem. 
 
5 mutants are promoters of RNA polymerase II and form the core regulatory network 
necessary for the response to all three perturbations, since their deletion significantly 
increases susceptibility. Data was extracted and adopted for the frame of this thesis from 
(Cherry et al., 2012): 
 
MCM1 is a transcription factor (sequence-specific DNA-binding RNA polymerase II 
transcription activator and repressor), involved in the regulation of mating type switching, 
mating-type specific transcription, arginine metabolism, and G2/M transition of mitotic cell 
cycle.  
 
POP2 is a subunit of CCR4-NOT complex, which is involved in several aspects of mRNA 
metabolism (repression and activation of mRNA initiation, control of mRNA elongation, 
and the deadenylation and subsequent degradation of mRNA). 
 
SSN3 codes a cyclin-dependent protein/serine threonine kinase, component of RNA 
polymerase II holoenzyme and involved in glucose repression. SSN8 is a subunit of the RNA 
polymerase II holoenzyme and forms a kinase-cyclin pair in the RNAPII holoenzyme with 
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Ssn3. It has a role in meiotic cell cycle regulation, glucose repression, and telomere 
maintenance. 
 
ZCF7 has a homologue in S. cerevisiae RSC30 with paralog RSC3, which are components 
of the RSC chromatin remodeling complex, one non-essential, the other essential for 
maintenance of proper ploidy and regulation of ribosomal protein genes and the cell 
wall/stress response. 
 
To get the rough idea of the regulatory landscape these genes form, we generated with 
GeneMANIA (Warde-Farley et al., 2010) a network with significantly enriched functions 
for the promotor mutants (Warde-Farley et al., 2010) – Figure 32. This way we can observe 
complexes and functions the listed mutations are a part of. These elements are likely crucial 
for the response to FLC, MPA, and FLC+MPA. 
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Figure 32: Gene network of mutations, which significantly increase the susceptibility to all three perturbations 
(fluconazole, mycophenolic acid, and the combination of both), and are all involved in the regulation of 
transcription from RNA polymerase II. 
Slika 32: Omrežje genov povezanih z mutanti, ki signifikantno povečajo občutljivost na vse tri perturbacije 
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FLC exclusive in the combination. 
Mutations (3) that share significantly increased susceptibility 
only with FLC and the combination are all connected to the 
pleiotropic drug response. CDR1 efflux pump (Sanglard et al., 
2001), the main regulator PDR1 and its co-activator for the drug-
dependent activation GAL11A (Thakur et al., 2008) – Figure 11. 
This “drug response” is the unique response that the FLC brings 
to the combination. An interesting part here are the patterns on 
the checkerboard assays. Even thou the mutations lower the 
susceptibility to FLC, they still display an antagonistic pattern 
when combined with MPA – Figure 34. This indicates that the 
PDR1 regulation isn’t the only pathway responsible for the antagonistic interaction. 
Pdr1 also isn’t essential to survive the MPA perturbation. 
 
Figure 33: FLC exclusive in 
the combination. 
Slika 33: Doprinos FLC v 
kombinaciji. 
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Figure 34: Mutations forming the core Pdr1 response show the antagonistic pattern – increased tolerance to 
fluconazole in the presence of mycophenolic acid. 
Slika 34: Mutante, ki tvorijo jedro Pdr1 odziva, imajo antagonističen vzorec – povečano toleranco na 
flukonazol v prisotnosti mikofenolne kisline. 
A – CgPdr1Δ, B – CgCdr1Δ, C – CgGal11aΔ against combination of MPA and FLC. They are all sensitive to 
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MPA exclusive in the combination.  
Mutations (5) that share significantly increased susceptibility only 
with MPA and the combination are mostly connected with 
organelle organization (SWF1, ASF1, SYS1, CDC10), like protein 
acylation (SWF1, ASF1), cell polarity (SWF1, CDC10), 
establishment or protein localization in Golgi (SYS1), and 
regulation of secretion (SWF1). The fifth mutation is PFK1 - 
subunit of the 6-phosphofructokinase complex, which catalyzes the 
phosphorylation of D-fructose 6-phosphate to fructose 1,6-
bisphosphate by ATP, the first committing step of glycolysis 
(Bateman et al., 2017), and part of proton transport and regulation of intracellular pH (Cherry 
et al., 2012). Seems like the ability to regulate carbohydrate/energy metabolism is crucial 
for the cells to survive the exposure to MPA. Organelle organization and PFK1 are the 
unique response that the MPA brings to the survival against FLC+MPA combination.  
 
Outside of FLC+MPA.  
Another perspective in which to analyze the given results is to 
examine, which of the mutations that were detrimental in the single 
drug setting, are not increasing/decreasing the susceptibility in the 
FLC+MPA combination. The following mutations connected to 
cell wall organization or biogenesis mostly don’t seem to be 
essential in the combination (KRE6, BIG1, SWM1, CNA1, KTR2, 
CNB1, SSD1). It is similar with some mutations connected to 
regulating transcription from RNA polymerase II and I (CKA2, 
CKB2, HAP1, RPD3), and protein modification process (RPD3, 
SNF1, CKB2, ALG6, CKA2, ALG5, CNE1, KTR2).  
 
Among the cell wall organization mutants are CNB1 and CNA1, which form a signal 
transduction unit in CWI pathway with CMP2 – calcineurin A (catalytic subunit of 
calcineurin), which regulates CRZ1 (an important stress-response transcription factor) 
(Cherry et al., 2012). There are two possible conclusions here: 1. calcineurin signaling 
pathway isn’t essential for the antagonistic phenotype or; 2. is compensated/there is 
another way, how it is triggered in the combination.  
 
As it goes for the mutations connected with regulation of RNA polymerase transcription and 
protein modification, CKB2 and CKA2 are subunits (along with CKA1, CKB1) of casein 
kinase 2 (CK2), a Ser/Thr protein kinase with roles in cell growth and proliferation 
(Ackermann et al., 2001; Cherry et al., 2012). CK2 mutations even increase tolerance versus 
FLC and CKA2 mutation shows a weaker growth phenotype while combined with MPA. 
This forms an interesting dynamic, which could be important for a comprehensive view of 
the response to both drugs. 
Figure 35: MPA exclusive 
in the combination. 
Slika 35: Doprinos FLC v 
kombinaciji. 
 
Figure 36: Outside of 
FLC + MPA. 
Slika 36: Zunaj FLC + 
MPA 
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SNF1 is a subunit of AMP-activated Ser/Thr protein kinase complex (with Snf4, Sip1, Sip2, 
Gal83), which is required for transcription of glucose-repressed genes, thermotolerance, 
sporulation, and peroxisome biogenesis. It serves as guanine nucleotide exchange factor 
specific for Arf3 in response to glucose depletion as well (Cherry et al., 2012). This could 
also be interpreted that SNF1 protein kinase and its regulatory network aren’t essential for 
the survival in the combination of FLC+MPA. 
 
4.2.2.1 Relevant points from the chemogenomic screening and CgImd4Δ 
 
Main goal of the chemogenomic screening was to get important regulatory elements that 
show a strong phenotypic response (reduced susceptibility mostly), and to get a general idea 
of the machinery that is behind each drug response.  
 
Some key points thus far for understanding the mechanism of resistance: 
- We are dealing with suppressive antagonism, where MPA alleviates the effect of 
azoles. 
- CgImd4Δ (primary target of MPA) has a severe growth phenotype, and 
compromised membrane integrity, which could lead to modulation of drug 
resistance. 
- MPA alone and in the combination with FLC induces membrane stress. 
- Cell wall, membrane organization/biogenesis and lipid composition play an 
important role in cell response to both FLC and MPA. 
- Core regulatory network involved in FLC+MPA response includes: CCR4-NOT 
complex, RSC chromatin remodeling complex, Ssn3 cyclin-dependent protein 
kinase, Ypk1 protein kinase, Mcm1 and Pdr1 transcription factors. 
- CgYpk1Δ was the only mutant that didn’t display the suppressive antagonism pattern 
→ strong candidate for the induced tolerance by MPA versus FLC. 
- Regulation by Pdr1 isn’t the only network responsible for the antagonistic 
interaction. 
- The regulation cascade “Cnb1 and Cna1 + Cmp2 → Crz1” for triggering the 
calcineurin response isn’t essential for the antagonistic interaction (even thou it is 
important in single drug response) or the calcineurin response is triggered 
differently. 
- CK2 has an unusual dynamic in responses to both single drugs → could be an 
interesting candidate in the antagonistic interaction. 
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In the transcriptomic analysis we got the relative fold change by comparing the samples 
within each time point (at 2 or at 4 hours) to the untreated sample. The cut-off value was 
FDR < 0.05. Full lists of differentially expressed genes are in ANNEX I, and the overlap of 
these genes between different perturbations/drugs is in Figure 37. We made a general 
analysis of the response to each drug individually, to get the rough idea of what is happening. 
It should be read as an accumulation of explored and enriched results, where more important 
ones for the general understanding are highlighted in bold. 
 
 
Figure 37: Comparison of differentially expressed genes against each perturbation sorted in 2 groups, up and 
down-regulated genes. 
Slika 37: Primerjava diferenčno izraženih genov v odzivih na vsako perturbacijo, zloženi v 2 skupini, z zvišano 
in znižano ravnjo izražanja. 
F – fluconazole, M – mycophenolic acid. 
 
4.2.3.1 Response to FLC 
 
Up-regulated. 
1st big group/cluster of upregulated genes is involved in carboxylic acid metabolic processes 
(41 up-regulated genes), more specifically with cellular amino acid biosynthetic processes 
(33) - methionine, histidine, leucine, lysine, glutamate, aspartate, and a few other genes, for 
example STR3, which is typically upregulated in azole-resistant strains (Vermitsky et al., 
2006), or Dal81 – a positive regulator in multiple nitrogen degradation pathways, which is 
also involved in cell adherence (Finkel et al., 2012). 
 
Another big group is the activated response to chemical stimulus (32 genes), which 
includes several important signaling genes like PDR1 for the pleiotropic drug response 
and its target efflux pump CDR1; CNA1 and CRZ1 for the calcineurin signaling 
pathway; SLT2 protein kinase involved in cell wall integrity (Cota et al., 2008); STE2 
and STE11 involved in control of hypertonic stress response, filamentous growth, and 
virulence (Calcagno et al., 2005). There are several genes connected to cell wall 
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organization or biogenesis (18), mitochondrion organization (7), and transport (ion (19), 
endosomal (8), Golgi vesicle (7), lipid (6)). 
 
The last big group is connected to lipid metabolic processes (27), specifically the ergosterol 
biosynthesis (ERG26, ERG4, ERG25, ERG1, ERG11, NCP1, ERG3, ERG5, ERG29, ERG2, 
ERG24). 
 
Up-regulated ergosterol biosynthesis, Pdr1 drug response, calcineurin signaling 
pathway, CWI pathway, and transport are all well documented azole responses. This 
serves as a confirmation that we did indeed trigger the typical azole drug response, which 
means the experiment was set appropriately. 
 
Down-regulated. 
Largest portion of down-regulated genes (23) is in rRNA processing, more specifically 
biogenesis of ribosomal small subunits. Significant enrichment (4) of down-regulated 
genes is also involved in arginine biosynthesis. 
 
Among the down-regulated are genes involved in lipid metabolic processes (6), mostly 
involved in the distribution and signaling, examples like AVR1 – required for normal 
intracellular sterol distribution (Tong et al., 2010), SUR4 (ScELO3) – involved in regulation 
of sphingolipid biosynthesis (Ohno et al., 2010), and LCB5 (CAGL0K05995g) – sphingoid 
long-chain base kinase, interestingly upregulated in azole-resistant strain (Vermitsky et al., 
2006). 
 
There are a few genes in transport (ion (6), nuclear (5), transmembrane (4), lipid (2)). 
TPO1_1 drug:H+ antiporter is among the down-regulated, which is interesting, because it is 
required for resistance to clotrimazole and involved in virulence and biofilm formation 
(Santos et al., 2017). 
 
Three genes connected with response to chemical for instance include HSP12, which is 
regulated via Ras-PkA and HOG pathway and is induced with heat shock, oxidative stress, 
osmostress, stationary phase, glucose depletion, and has increased protein abundance in 
response to DNA replication stress and dietary restriction (Praekelt and Meacock, 1990; 
Herbert et al., 2012; Tkach et al., 2012). 
 
Initial response. 
Based on the large screening, we examined what was up regulated at first time point (at 2 
h), when we expected to observe most of the regulatory elements in action: 
- PDR1 – master regulator for pleiotropic drug response 
- Calcineurin pathways: TF CRZ1, activator in stress response genes. | CMK1 
calmodulin. 
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- CWI pathway: SLT2 – MAP kinase involved in control of cell wall integrity, 
regulation of proteasome assembly, response to osmotic stress and ER unfolded 
proteins (Cherry et al., 2012). | MSG5 – regulates and is regulated by Slt2 (Flández 
et al., 2004) | SDP1 - negatively regulates Slt2p MAP kinase by direct 
dephosphorylation (Collister et al., 2002) | FPK1, KIN82 – phosphorylates and 
inhibits upstream inhibitory kinase Ypk1 (Roelants et al., 2010). 
- Filamentous growth and pheromone response: KSS1 – MAPK involved in 
filamentous growth and pheromone response. | PRR2 – ser/thr protein kinase, 
inhibits pheromone induced signaling (via Ste12 inhibition) (Zhu et al., 2000; 
Burchett et al., 2001) | STE11 – involved in pheromone response and 
pseudohyphal/invasive growth pathways where it phosphorylates Ste7, and the high 
osmolarity response pathway, via phosphorylation of Pbs2 (Calcagno et al., 2005) | 
MKC7 | TPK2 – subunit of Ras-PkA. | YPS1 
- Osmotic stress: STE11 | CAGL0I05934g | PTP2 - dephosporylates Hog1 MAPK 
and regulates its localization (Mattison and Ota, 2000). 
- Carbon source response: TF ADR1 – transcription of the glucose-repressed gene 
ADH2 (Young et al., 2003) | NRG2 – mediates glucose repression and negatively 
regulates filamentous growth (Zhou and Winston, 2001). | SIP2 – Snf1 kinase 
complex, response to glucose starvation (Yang et al., 1994; Schmidt, 2000). | SNF3 
- Oxidative stress: GAD1 | GRX7 | MXR1 | STF2 
- TMC1 – effector of proteotoxic stress response (Hanna et al., 2014) induced by 
nitrogen limitation, weak acid, misfolded proteins (Schüller et al., 2004).  
- POG1 – transcriptional activator; involved in cell cycle regulation (Leza and Elion, 
1999). 
- SRO7 – regulates cell proliferation via Rho1-Tor1 pathway (Liou et al., 2014). 
- KNS1 – effector kinase of TOR signaling pathway, regulates ribosome and tRNA 
biosynthesis (Lee et al., 2012). 
 
At the beginning we have the induction of PDR1 for the pleiotropic drug response. Also 
induced are the typical stress response pathways connected to CWI, filamentous growth, 
pheromone (Ras-PkA), and osmotic stress response (Hog1 MPAK). We see oxidative stress 
and low glucose response as well. 
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Figure 38: Differentially expressed genes of the MAPK signaling pathways in response to fluconazole. 
Slika 38: Diferenčno izraženi geni MAPK signalnih poti pri odzivu na flukonazol. 
Genes highlighted yellow are up- and with blue down-regulated (Adopted from Ogata et al., 1999). 
 
4.2.3.2 Response to MPA 
 
Up-regulated. 
The biggest group of up-regulated genes in response to MPA is connected to RNA 
metabolic process (261 out of 724 genes), more specifically to ribosome biogenesis (152) 
and ncRNA metabolic process (178). Digging further into ribosome biogenesis we find 
specific enrichment in ribosomal large subunit biogenesis (65) – the maturation of 5.8S 
rRNA from tricistronic rRNA transcript (SSU-rRNA, 5.8S rRNA, LSU-rRNA) (55), and in 
ribosomal small subunit biogenesis (65). Looking at ncRNA metabolic processes we find 
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the largest group connected to tRNA metabolic process (59). Several genes are connected to 
nuclear transport (42), specifically to the export of ribosomal subunit from the nucleus (19). 
 
The inosine monophosphate (IMP) biosynthetic process is up-regulated - path for de 
novo biosynthesis of purine nucleotides – Figure 39. MPA stops the inosine 5’-
monophosphate conversion to xanthosine-5-phosphate, by inhibiting the IMPDH (coded by 
IMD4). IMD4 is also up-regulated next to HPT1, ADE8, ADE6, ADE5,7, ADE16, ADE13, 
ADE4, ADE2, and GUA1. 
 
Figure 39: Genes involved in de novo purine nucleotides biosynthesis show up-regulated expression towards 
guanosine triphosphate synthesis, probably because of the inhibition by mycophenolic acid (Adapted from 
Cherry et al., 2012). 
Slika 39: Geni v de novo sintezi purinskih nukleotidov imajo povišano izražanje v smer sinteze gvanozin 
trifosfata, po vsej verjetnosti zaradi inhibicije s strani mikofenolne kisline (Prirejeno po Cherry et al., 2012). 
Green arrow – up-regulation of associated gene; Red arrow – down-regulation of associated gene. 
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Genes involved in nucleic acid processes include 20 up-regulated genes in cellular response 
to DNA damage stimulus, and 15 in DNA repair specifically. Looks like the MPA 
successfully inhibits the synthesis of guanine nucleotides and this results as stress in the 
processes involving nucleic acid. This triggers several regulatory networks to 
compensate the damage. 
 
The changes MPA imposes on the cellular regulatory network are quite extensive – a 
large group of RNA polymerase I, II, III promoter are up-regulated (21, 60, 13), and also 
many signaling genes (20) – many of these are in a larger group for response to chemical 
(50) stimulus as well. Data was extracted and adopted for this frame from (Skrzypek et al., 
2017; Cherry et al., 2012): 
- Indicating DNA replication stress (TF AFT1 – iron homeostasis | TF FZF1 – sulfite 
metabolism; HAA1 – activates TPO; HPR1, MFT1 – THO/TREX complexes → telomere 
maintenance | HTA1 – DNA damage-dependent phosphorylation | MSN1 - invasive growth and 
pseudohyphal differentiation, iron uptake, chromium accumulation, and response to osmotic stress; 
RAD23 - ubiquitin-like N terminus | SSL2 – involved in hypoxia response; DRE2 - component of the 
cytosolic Fe-S protein assembly (CIA) machinery | PIN4 - involved in G2/M phase progression and 
response to DNA damage, hyperphosphorylated in response to DNA damage | CTK3 - subunit of C-
terminal domain kinase I; CTDK-I | NAB2). 
- rRNA transcription (RRN10 | RRN11 | UTP4 | UTP3 | RRN7 | UTP10 | RIO1 - serine kinase 
involved in cell cycle regulation and rDNA integrity | TF PZF1). 
- tRNA modification (ELP2, ELP3, ELP4 - Elongator complex → modification of wobble 
nucleosides in tRNA (Esberg et al., 2006) | GON7 - EKC/KEOPS protein complex → t6A tRNA 
modification and telomeric TG1-3 recombination (Hu et al., 2013) | TRL1 - tRNA ligase | UTP8 | 
UTP19). 
- Drug response (TF PDR1 | ATR1 – MSF transporter, resistance to aminotriazole in S. cerevisiae 
(Goffeau et al., 1997), down-regulated in azole-resistant C. glabrata strains (Vermitsky et al., 2006) 
| FLR1 – MSF transporter, involved in 5-flucytosine resistance; gene is downregulated in azole-
resistant strain (Chen et al., 2007; Pais, Pires, et al., 2016) | PDR16 - localizes to lipid particles and 
microsomes; controls levels of various lipids, induced in response to DNA replication stress | CDR1 
– ABC transporter, expression increased by loss of the mitochondrial genome | YHK8 – drug:H+ 
antiporter, downregulated in azole-resistant strain (Vermitsky et al., 2006) | TF MIG3 - role in 
catabolite repression and ethanol response). 
- Amino acid starvation (TF GCN4 | SSY5 – amino acid sensor system). 
- Protein modification (GIM3 - heterohexameric cochaperone prefoldin complex for microtubule 
biogenesis | YKE2 - subunit of the heterohexameric Gim/prefoldin protein complex | PLP2 - interacts 
with the CCT complex to stimulate actin folding). 
- Chromatin related (HHF1 – telomeric silencing | HTA1 | RTF1 | SPT10 | SPT2 – response to 
hypoxia). 
- General stress response (RPA12 – interacts with Msn4 | HSP12 – maintaining membrane 
organization, involved in maintaining organization during stress conditions; induced by heat shock, 
oxidative stress, osmostress, stationary phase, glucose depletion, oleate, alcohol, weak acid, and 
DNA replication stress | HSP30 - stress-responsive protein, induced by heat shock, ethanol treatment, 
weak organic acid, glucose limitation). 
- Membrane stress (HAA1 | SUT1 - regulates sterol uptake genes under anaerobic conditions | 
PMP3 - sphingolipid binding activity, confers resistance to amphotericin B). 
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- Cell wall stress (TF RIM101 - adaptation to alkaline conditions, invasive growth | RLM1 - 
component of the protein kinase C-mediated MAP kinase pathway | TF USV1 – response to salt 
stress, growth on non-fermentable carbon sources | MID2 - sensor for CWI signaling). 
- Osmotic stress (GON7 | TF HOT1 – targets MAPK Hog1 | SKO1 – oxidative stress | FPS1 - 
aquaglyceroporin, plasma membrane channel, involved in efflux of glycerol and xylitol, regulated 
by Hog1 | OPY2 - membrane anchor for Ste50p, part of HOG pathway, involved in response to DNA 
replication stress | PTP3 – inactivating Hog1 during osmolarity sensing). 
- Oxidative damage (GRX3 | MXR1 | MRX2). 
- Weak acid stress (HAA1 | TF WAR1 | HSP30 | HSP12). 
- Filamentous and invasive growth (TF MIG1 – glucose repression | TF STE12 – activated by 
MAPK signal cascade). 
- Response to hypoxia (PCF11 - pre-mRNA 3' end processing and in transcription termination | 
ROX1 - involved in the hyperosmotic stress resistance | SUT1 - positively regulates sterol uptake 
genes under anaerobic conditions; involved in hypoxic gene expression | TRX3 – mitochondrial 
thioredoxin, required to maintain the redox homeostasis of the cell). 
- Nutrient depravation (SKS1 – Ser/Thr protein kinase | GIS4 - involved in the RAS/cAMP 
signaling pathway | TF MIG3). 
- RNA metabolism (RAT1). 
 
Based on upper survey of 724 up-regulated genes, it can be summed up that we have specific 
enrichments in chromatin organization (23), cell wall (15) and mitochondrion (9) 
organization, transport (nuclear (42), ion (26), transmembrane (14), carbohydrate (10), 
amino acid (10), lipid (8), Golgi vesicle (6), endosomal (5)), and response to osmotic stress 
(17), oxidative stress (11), starvation (11), and heat (8). 
 
Cells seem to respond to several forms of stress from hypoxia to oxidative stress, cell wall, 
membrane, osmotic and weak acid stress, lack of nutrients, heat and drugs. Interestingly, 
several efflux pumps (ATR1, FLR1, PDR16, CDR1) are up-regulated, which could 
increase resistance to FLC when combined with MPA. MPA is a weak acid, but most of 
these responses seem to strive from a more general damage to the cell – good candidates are 
the “shortage of GTP/nucleic acid” caused stress and subsequent membrane/cell wall 
changes/stress. 
 
Trying to understand where it all starts, we examined the regulatory machinery at first 
time point (2 hours), where the response to MPA is still relatively mild (only 54 genes 
significantly up-regulated, compared to 708 at 4 h). There is still no major upregulation of 
RNA metabolic processes – we can assume this comes in the next phase with the increased 
depletion of GTPs by MPA. Interesting genes from the initial response to MPA: 
- HSP12. It is the most up-regulated gene in the response (interestingly down-
regulated in response to FLC). It is involved in maintaining organization during 
stress conditions (Welker et al., 2010), regulated by Hog1 and Ras-PkA pathways, 
which are involved in osmotolerance and cell proliferation/glucose stress. In 
response to DNA replication stress HSP12 has increased translation (Tkach et al., 
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2012). HSP12 is also overexpressed upon PkA inhibition in petite mutants (Akdoğan 
et al., 2016). 
- PTP3. Dephosphorylates Hog1 MAPK and regulates its localization (Mattison and 
Ota, 2000). 
- ROX1. Repressor of hypoxic genes, involved in the hyperosmotic stress resistance. 
Hyperosmotic stress resistance is dominantly regulated by Hog1 MAPK. This 
resistance involves the Hog1-dependent transcriptional downregulation of 
ergosterol biosynthesis genes (ERG) and down-regulation of the main 
transcriptional activator Ecm22 (UPC2B/CAGL0F07865g in C. glabrata) by 
MOT3/ROX1 upon salt shock. Oxidative stress triggers repression of ERG2 and 
ERG11 transcription and subsequent decrease in total sterol levels (Montañés et al., 
2011). 
- RCK2. Protein kinase involved in oxidative stress response, regulates PDR12. 
- GPP1. Induced in response to anaerobic and osmotic stress (Norbeck et al., 1996; 
Norbeck and Blomberg, 1997). 
- MSG5. Regulated by Slt2 (CWI pathway), with Ptp2 co-regulates calcium signaling 
pathways (Laviña et al., 2013). 
- PUN1. CWI pathway, induced upon cell wall damage and metal ion stress (Xu et 
al., 2010). 
- MXR1. Involved in the response to oxidative stress (Sideri et al., 2009). 
- TEC1. TF targeting filamentation genes and Ty1 expression, by activating Ste12 
(Cherry et al., 2012).  
- RRN10. Promoting high level transcription of rDNA (Keys et al., 1996). 
- STP1. Activates transcription of amino acid permease genes and may have a role in 
tRNA processing (Wang et al., 1992). 
 
It seems that at least the Hog1 MAPK regulated pathway is induced and could facilitate 
the changes in the membrane/sterol composition and be instrumental in the wide stress 
response (involving HSP12, ROX1, and RCK2). Also, several genes are induced in the 
CWI pathway, which can lead to induced stress/drug response. We see the beginnings 
of up-regulated RNA/DNA metabolic processes as well. 
 
Up-regulated are also cellular amino acid metabolic processes (50), specifically sulfur amino 




Because we have a rapid depletion of GTPs, we expected to have several cellular processes 
down-regulated, which is probably the main cause for the wide stress response. 
 
Majority (383 out of 621 annotated genes) of the down-regulated genes are connected to 
metabolic process, 253 specifically enriched in biosynthetic processes. Among these the 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




genes are connected to mitochondrial translation (59) and organization (47), specifically 
with the assembly od mitochondrion respiratory chain complex (16), mitochondrial 
respiratory chain complex II (5), and cytochrome complex assembly (12). This explains the 
up-regulated response to hypoxia and oxidative stress, or even starvation/low glucose stress 
because the cells now produce less energy. 
 
Important note to take here is the connection of respiratory deficient petite mutants to azole 
resistance (Defontaine et al., 1999), in our case we have the upregulation of CDR1 (PDH1 
missing) and we are not sure if all is strictly through Pdr1 regulation (Tsai et al., 2006) – as 
of now some stress respond candidates include YPK1, HSP12, ROX1, and RCK2. 
 
Changes in respiratory processes are probably connected to the down-regulated lipid 
metabolic processes (50). Among these genes we find several connected to the ergosterol 
biosynthetic pathway (ERG28, ERG26, ERG4, ERG3, ERG27, ERG6, ERG24), even the 
ERG3, which regulates the creation of the toxic intermediate, if azoles inhibit Erg11. 
Changes in (membrane) lipid composition could explain the induced regulatory pathways 
like the Hog1 MPAK and CWI pathway. 
 
This drives the “respiratory defects trigger part of the wide stress response” narrative, 
because the petite mutants/cells with dysfunctional mitochondria resistant to azoles also 
display disproportionate small amounts of intermediates from ergosterol biosynthesis 
pathways, compared to the normal ergosterol levels (Brun et al., 2004; Whaley and Rogers, 
2016), and our changes in gene expression for ergosterol/lipid biosynthesis suggest that to 
be the case. To further understand and confirm this, we would need to look at the lipid 
composition of stressed and unstressed cells, which remains to be carried out. 
 
Another large group of genes is connected to signaling (26), RNA polymerase I (1) II (37) 
III (3) promoters, and to response to chemical (60). Again, we will cherry-pick some 
interesting candidates, to get the basic idea, which regulatory networks/ 
responses are being down-regulated in response to MPA. Data was extracted and adopted 
for the frame of this thesis from (Cherry et al., 2012; Skrzypek et al., 2017): 
- Mitochondrial process (AFG1 – chaperone for cytochrome c oxidase subunits | GRX5 – 
mitochondrial matrix protein | HAP1 - response to levels of heme and oxygen | IMP2 | MHR1 - 
involved in stimulation of mitochondrial DNA replication in response to oxidative stress) 
- Cell cycle and/or pheromone signaling (AFR1 – regulates septin architecture during mating 
| CSI1 | DSE1 - cross-talk between the mating and filamentation pathways | FAR11 - involved in 
regulation of intra-S DNA damage checkpoint and autophagy | TF FKH1 - expression of G2/M phase 
genes | MDG1 | NRG2 | SST2 | STE3, STE50, STE7 – MAP kinas cascade involved in mating 
response, nutrition depletion, invasive/filamentous growth, osmotolerance | SWI4 - regulates late G1-
specific transcription of targets including cyclins and genes required for DNA synthesis and repair | 
WTM1 | BAG7 - stimulates the intrinsic GTPase activity of Rho1 → downregulation of Rho1p (which 
in our case promotes actin cytoskeleton organization and cell wall biosynthesis) | MDS3 – component 
of the TOR regulatory pathway | RHO5 – part of the Ras-like proteins in Rho pathway | YPS1 – 
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involved in nutrient limitation-induced cleavage of the extracellular inhibitory domain of signaling 
mucin Msb2p, resulting in activation of the filamentous growth MAPK pathway) 
- Cell wall and membrane (AKR1 - cell shape control | PMT2 - ER quality control | TF RTG3 
– for retrograde (RTG) and TOR pathways | YPK2 (CAGL0K07458g) - signaling pathway required 
for optimal cell wall integrity, TORC | PTC3 - dephosphorylates Hog1 (this means Hog1 is active in 
our case)) 
- Carbohydrate metabolism (ATH1 – utilization of extracellular trehalose and intracellular 
trehalose degradation | TF GCR1 – activator of genes involved in glycolysis | GCY1 – alternative 
pathway for glycerol catabolism used under microaerobic conditions | GPX2 – induced by glucose 
starvation | GZF3 | HAP3 – Hap2p/3p/4p/5p CCAAT-binding complex heme-activated and glucose-
repressed tanscriptional activator and global regulator of respiratory gene expression | IZH2 - affects 
gene expression by influencing balance of competition between Msn2p/Msn4p and Nrg1p/Nrg2p | 
NRG2 | STB3 | TPS1 – repressed by the Ras-cAMP pathway | YHP1) 
- Stress response (TF CAD1 – involved in stress responses, iron metabolism, and pleiotropic drug 
resistance, stabilizing proteins | DAK1 | GRX7 – involved in the oxidative stress response, Cis-golgi 
localized | HAP1 | HSP31 - involved in oxidative stress resistance, diauxic shift, and stationary phase 
survival | MSN2 – various stress conditions | MSN4 - various stress conditions, involved in diauxic 
shift | TF SKN7 – interacts with the Tup1-Cyc8 complex, for optimal induction of heat-shock genes 
in response to oxidative stress; involved in osmoregulation | TRR1 – key regulator against both 
oxidative and reductive stress | TSA2 - removal of reactive oxygen, nitrogen and sulfur species using 
thioredoxin as hydrogen donor | YHB1 - role in oxidative and nitrosative stress responses | RFX1 - 
major transcriptional repressor of DNA-damage-regulated genes | RTT109 - critical for cell survival 
in presence of DNA damage during S phase) 
- Diauxic shift (YAP5 | HSP31 | MSN4) 
- Protein metabolism (DFM1 – protein degradation, ER stress, homeostasis | HRD1 - ER-
associated degradation of misfolded proteins | RRI1 - COP9 signalosome (CSN) complex, involved 
in modulation of genes controlling amino acid and lipid metabolism, and ergosterol biosynthesis | 
UFO1 - Skp1-Cdc53-F-box receptor (SCF) E3 ubiquitin ligase complex | ARG82 | DAL80 – negative 
regulator of genes in multiple nitrogen degradation pathways) 
- Ribosome and other RNA processes (KSN1 – effector kinase of the TOR signaling pathway 
and phosphorylates Rpc53p to regulate ribosome and tRNA biosynthesis | RNT1 - involved in the 
cell wall stress response, regulating the degradation of cell wall integrity and morphogenesis 
checkpoint genes | STB3 – involved in the glucose-induced transition from quiescence to growth) 
- Transcription regulation/chromatin (SSN2 | BYE1 | EPL1 | FUN30 | NPL6 | PTA1 – part of 
holo-CPF complex | SPT21 – transcriptional silencing | SUB2 - TREX complex required for nuclear 
mRNA export | TFC1 | TFC4) 
 
Based on upper survey of 621 down-regulated genes, it can be summed up that we have 
specific enrichments in mitotic cell cycle (32), generation of precursor metabolites and 
energy (31), regulation of organelle organization (30) and cell cycle (28). This goes in hand 
with the idea that down-regulated carbohydrate metabolic processes (32) and cellular 
respiration (13) cause response to oxidative stress (20). We see these changes connected 
with significant differential expression of TORC and/or Ras-PkA pathway elements. These 
two pathways promote the transcription of genes involved in growth and glycolysis in 
response to nutrients and nutrient depletion. 
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Shortage of GTPs also triggers down-regulation of several genes in chromatin organization 
(23), cellular response to DNA damage stimulus (21), more specifically in DNA repair (21), 
replication (13), and recombination (9). There are genes in nucleobase-containing small 
molecule metabolic process (23) and mRNA processing (11) as well. The activity of Hog1 
MAPK and CWI (for example down-regulated of Rho1 repressor BAG7) pathways causes 
changes in genes involved in cell wall organization and biogenesis (19). 
 
The initial response at 2h, only has 75 annotated down-regulated genes (compared to 657 
at 4 hours). These include genes involved in organic acid biosynthetic process (16), 
specifically alpha-amino acid biosynthetic process (13) of arginine, lysine aspartate and 
glutamine. It would indicate that the cells’ first response to GTP depletion is the reduction 
of the amino acid synthesis. 
 
First down-regulated promoters and genes included within the cluster “response to 
chemical” include: 
- MSN4 – TF that controls the general stress response (Martinez-Pastor1 et al., 1996), 
involved in diauxic shift (Garreau et al., 2000), regulated via TORC and Ras-Pka 
pathways. 
- MIG2 – transcriptional repressor, under low glucose conditions it relocalizes to 
mitochondrion, where it interacts with Ups1 (also down-regulated in MPA 
response), antagonizes mitochondrial fission factor Dnm1p, indicative of a role in 
mitochondrial fusion or regulating morphology. It regulates filamentous growth 
pathway in response to glucose limitation (similar as Snf1), and interacts with other 
regulators in the filamentous growth pathway like MAPKK Ste7 and MAPK Kss1 
(Karunanithi and Cullen, 2012). 
- NRD1 - RNA-binding subunit of Nrd1 complex, which interacts with exosome to 
mediate 3'-end formation of some mRNAs, snRNAs, snoRNAs, and CUTs and is 
involved in mRNA processing (Vasiljeva et al., 2008). It interacts with Ras-PkA 
pathway and has a role in rapid suppression of some genes when cells are shifted to 
poor growth conditions (Darby et al., 2012). 
- HSP31 - involved in oxidative stress resistance (Skoneczna et al., 2007), diauxic 
shift in glucose limitation, stationary phase survival and has a role upstream of 
TORC1 (Miller-Fleming et al., 2014). 
 
Seems like MPA induced GTP depletion manifests in cells starving and having difficulties 
with respiration – with amino (and nucleic) acid limitations forcing changes in Ras-PkA and 
TOR signaling pathways, combined with repression of mitochondrion processes. This down-
regulates many biosynthetic processes, heavily affecting the regular cell cycle (probably 
slows it down), and forcing changes in lipid metabolism, which in turn causes changes/stress 
to cell wall and membrane. Cell response is to up-regulate RNA/DNA metabolic processes 
and respond to stress via Hog1 MAPK and CWI pathways (any many other, also potentially 
Pdr1 via mitochondrion repression (Tsai et al., 2006)), resulting in a wide response to various 
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types of stress (including genes HSP12/ROX1/RCK2). The wide stress response includes 
increased transcription of various efflux pumps. This combined with the possibility of 
lower levels of toxic intermediate (down-regulated ERG3) could present a path to 
increased FLC tolerance. 
 
Figure 40: Differentially expressed genes of the MAPK signaling pathways in response to mycophenolic acid. 
Slika 40: Diferenčno izraženi geni MAPK signalnih poti pri odzivu na mikofenolno kislino. 
Genes highlighted yellow are up- and with blue down-regulated (Adopted from Ogata et al., 1999). 
 
4.2.3.3 Response to the combination of FLC+MPA 
 
MPA with its limitation of crucial nutrients/molecules forces a fairly complex response with 
a broad stress response, including increased expression of the efflux pump. To see how this 
manifests in the combination with relatively straight forward cell response against FLC, we 
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compared the two settings. We first examined the slim version of Gene ontology (GO) for 
each perturbation – Figure 41. 
 
Figure 41: Gene Ontology Slim for differentially expressed genes in response to fluconazole, mycophenolic 
acid, and the combination. 
Slika 41: Slim genske ontologije za diferenčno izražene gene pri odzivu na flukonazol, mikofenolno kislino 
in kombinacijo obeh. 
Left side with yellow color is reserved for up-regulated gene groups, and the blue right side for the down-
regulated. Intensity of the color is corelated to the relative number of genes. 
 
FLC mostly dictates the response in the combination at first time point and MPA at the 
second. This is indicated by the number of genes differentially expressed and in which group 
of genes they belong to. We confirmed that with k-means clustering, Figure 42, where the 
response to MPA is more similar to FLC+MPA at 4h, and FLC to FLC+MPA at 2h. So, the 
response to MPA builds up slower than FLC, but later on contributes more to the 
overall response to the combination of both drugs → this is in line with the idea that MPA 
via limitation of crucial molecules creates a general havoc and the consequent wide stress 
response alleviates the effect of azoles. 
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Figure 42: Comparison of differentially expressed genes at different time points versus fluconazole, 
mycophenolic acid, and the combination of both, and similarity of their expression profiles (A). 
Slika 42: Primerjava diferenčno izraženih genov pri različnih časovnih točkah odziva na flukonazol, 
mikofenolno kislino in kombinacijo obeh ter podobnost njihovih profilov izražanja (A). 
A – clustering of expression profiles was done with merged k-means, 31 clusters, and shows the relative 
distance between different expression values for each condition. The Venn diagrams show the distinct and the 
overlapping differentially expressed (up and down-regulated) genes at 2 and 4 hours. FLC – fluconazole, MPA 
– mycophenolic acid. 
 
Initial response – Up regulated. 
Among 260 up-regulated genes, we have similar specific enrichments as in response to FLC 
in lipid metabolic process (20 genes), specifically in ergosterol biosynthetic process (9). 
Similar as in response to only FLC we have cell wall organization or biogenesis (16), several 
transports and amino acid metabolic processes (methionine (7)). 
 
We have a big cluster of genes in response to chemical (31), general signaling (26), RNA 
polymerase II promoters (14), which includes genes in calcineurin signaling (CNA1, CRZ1, 
CMK1), and pleiotropic drug response (PDR1, and even the efflux pump CDR1, which in 
the response to FLC hasn’t yet been significantly up-regulated at 2 h), elements involved in 
Hog1 MAPK pathway (PTP2, AHK1, OPY2), Pkc1 CWI pathway (SLT2, KSS1, MKC7, 
MSG5, RLM1), Ras-PkA and TORC filamentous/nutrient response pathway (STE11, 
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AVO2, GIS4, TPK2), and calcium signaling pathway (MSG5, PTP2). Initially CAF16 of the 
CCR4-NOT transcriptional regulatory complex is up-regulated as well, which we found to 
be essential for survival against all three settings in the chemogenomic screening – Figure 
32. 
 
However, there are also some up-regulated genes that came exclusively from the MPA side 
of the combination. A few interesting ones are grouped in response to chemical and 
osmotic stress (HSP12, PTP3, and ROX1), the YAP7 TF, involved in regulation of nitric 
oxide detoxification (Singh et al., 2011) and PIN4, protein involved in G2/M phase 
progression and response to DNA damage, hyperphosphorylated in response to DNA 
damage (Pike et al., 2004). 
 
Further on there are 63 exclusive genes that only came up-regulated in the combination at 
the 1st time point. We have a group of genes involved in cellular response to DNA damage 
stimulus (3), cell wall (3), mitochondrion (3) and cytoskeleton organization (6), response to 
chemical (8), heat (2) and oxidative stress (2), and signaling (3): 
- maintenance of membrane lipid asymmetry in post-Golgi secretory vesicles (DNF3, 
DRS2 - Cdc50p-Drs2p phospolipid flippase complex) 
- FUS3 – involved in mating, cell proliferation, phosphoactivated by Ste7  
- HSP104 - helps to disassemble protein aggregates that have accumulated due to 
stress (Parsell et al., 1994), activated by Msn2/Msn4 (Grably et al., 2002), becomes 
more abundant in response to DNA replication stress (Tkach et al., 2012). 
- CAF120 – part of the CCR4-NOT transcriptional regulatory complex 
- AHK1 – part of Hog1 MAPK signaling pathway, negative regulator of the 
filamentous growth Kss1 (Nishimura et al., 2016) 
- HSP78 – oligomeric mitochondrial matrix chaperone (Leonhardt et al., 1993), able 
to prevent the aggregation of misfolded proteins as well as resolubilize protein 
aggregates (Cherry et al., 2012). 
- HSP42 - involved in cytoskeleton reorganization after heat shock, protein 
abundance increases in response to DNA replication stress (Tkach et al., 2012) 
- NCE103 – increased filamentous growth in S. cerevisiae, mutant shows slow growth 
in aerobic condition; increased protein abundance in response to DNA replication 
stress (Tkach et al., 2012) 
- DER1 - ER membrane protein that promotes export of misfolded polypeptides 
 
We have new heat shock proteins (HSP104, HSP78, and HSP42), connected to several 
processes, and could be part of the wide stress response MPA triggers. 
 
Initial response – Down regulated. 
Among the down-regulated we have 125 annotated genes in the Gene Ontology mapper. The 
strongest group is the cellular amino acid metabolic process (11), more specifically arginine 
(6) and glutamine (7) biosynthetic process.  
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In addition, we have down-regulated meiotic cell cycle (9), sporulation (8), and several 
processes involving nucleic acid – RNA modification (7), tRNA (7), rRNA (7), snoRNA 
(3), and mRNA (3) processing, DNA replication (4), repair (4) and recombination (2). There 
are also a few down-regulated genes connected to cellular respiration (4) and 
mitochondrion organization (4). 
 
Among the response to chemical, and promoters of RNA polymerase I, II and III we have a 
few interesting candidates. Some the same as in the initial response to MPA (chapter 
4.2.3.2), MSN4, MIG2, HSP31, and NRD1, with some additional genes, which seem to be 
driven mostly by the damage caused by MPA: 
- Oxidative stress, mitochondrion: NTG1 - creates a double-strand break at mtDNA 
origins that stimulates replication in response to oxidative stress (Meadows et al., 
2003); required for maintaining mitochondrial genome integrity (Hori et al., 2009); 
POS5 – required for the response to oxidative stress (Strand et al., 2003);  
- RNA processing: REF2, DOT6 – ribosome assembly, PTA1, TOD6, RRN3 
- YHK8 – MSF drug:H+ antiporter, down-regulated in initial response, up-regulated 
later. Down-regulated in azole resistant C. glabrata strains (Vermitsky et al., 2006), 
but up-regulated in S. cerevisiae azole resistance (Barker et al., 2003). 
- YPK2 (CAGL0K07458g) – ser/thr kinase in signaling pathway for optimal CWI. 
 
On the basis of upper survey, it seems that MPA starts to slow down the biosynthetic 
processes in the combination with FLC as well, which is the beginning of the wide stress 
response and later goes in mitochondrion dysfunction and up-regulated biosynthesis 
processes related to RNA. 
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Figure 43: Differentially expressed genes of the MAPK signaling pathways in response to fluconazole + 
mycophenolic acid. 
Slika 43: Diferenčno izraženi geni MAPK signalnih poti pri odzivu na kombinacijo flukonazola in 
mikofenolne kisline. 
Genes highlighted yellow are up- and with blue down-regulated (Adopted from Ogata et al., 1999). 
 
4.2.3.4 Relevant points from the transcriptomics 
 
- MPA seems to alleviate the effect of azoles through shortage of GTPs in the cells, 
which causes starvation, respiratory inhibition and induces a wide stress response 
and up-regulation of several RNA related processes. The stress response seems to be 
mostly driven through Hog1 MAPK, involved in osmotic/oxidative stress response, 
and Pkc1 CWI pathway.  
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- The wide stress response caused by MPA includes additional efflux pumps with 
relatively higher expression values than in the response to FLC → this could lower 
the bioavailability of azoles in the cells, thus making them more tolerant. 
- The initial response in the combination is dominated by FLC, triggering pleiotropic 
drug response, calcineurin pathway and changes in ergosterol biosynthesis. 
However, MPA later on induces an even wider stress response and inhibits several 
biosynthetic processes (Ras-PkA pathway), including ergosterol biosynthesis. 
- Inhibition of ERG3 by MPA could result in less toxic intermediate and increased 
tolerance to FLC. 
- The initial response to MPA doesn’t include PDR1, but there are already a few efflux 
pumps significantly up-regulated (ATR1, PDR12, SNQ2, TPO1_1), suggesting there 
are other regulatory networks likely inducing the efflux pumps. The networks include 
elements like HSP12, ROX1, and/or RCK2, which are connected via Hog1 MAPK, 
Ras-PkA, and TORC pathways in osmotolerance and oxidative stress. 
 
4.2.4 Further exploration 
 
4.2.4.1 Efflux pumps 
 
The general stress response caused by MPA induces and enhances the expression of 
several efflux pumps and consequently lowers the bioavailability of FLC, making it less 
effective against C. glabrata. 
 
Table 43: Relative expression of efflux pumps against fluconazole, mycophenolic acid, and the combination 
of both at 2 and 4 h, is higher when treated with mycophenolic acid. 
Preglednica 43: Relativen nivo izražanja genov izlivnih črpalk pri odzivu na flukonazol, mikofenolno kislino 
in kombinacijo obeh je višje ob dodatku mikofenolne kisline. 
Gene ORF Type 
Relative expressiona 
F2 F4 M2 M4 FM2 FM4 
ATR1 CAGL0B02343g MSF -0.41 -0.10 0.55 2.13 -0.18 1.88 
AUS1 CAGL0F01419g ABC 0.54 0.30 -0.19 -0.36 -0.02 -0.13 
CDR1 CAGL0M01760g ABC 0.69 0.76 0.35 1.74 0.61 1.93 
FLR1 CAGL0H06017g MSF -0.57 0.17 0.33 2.18 0.16 2.03 
PDR12 CAGL0M07293g ABC -0.52 0.13 -0.26 -0.28 -0.44 -0.59 
PDR16 CAGL0J07436g ABC -0.51 -0.28 0.04 0.50 -0.15 0.41 
PDH1 CAGL0F02717g ABC 0.10 -0.01 -0.02 -0.23 0.02 -0.36 
QDR2 CAGL0G08624g MSF 0.50 -0.05 0.17 0.38 -0.00 0.46 
SNQ2 CAGL0I04862g ABC 0.03 0.16 0.06 0.27 0.19 0.34 
TPO1_1 CAGL0G03927g MSF -0.78 -0.68 0.01 0.31 -0.59 -0.06 
TPO1_2 CAGL0E03674g MSF -0.03 0.37 -0.13 1.20 0.12 1.39 
TPO3 CAGL0I10384g MSF -0.34 -0.57 -0.02 -0.06 -0.17 -0.05 
YBT1 CAGL0C03289g ABC -0.23 0.20 -0.16 1.77 -0.55 1.71 
YHK8 CAGL0J00363g MSF -0.68 0.12 -0.23 1.03 -0.96 0.82 
YOR1 CAGL0G00242g ABC 0.17 0.46 0.25 0.65 0.43 0.78 
a relative expression values from RNA-seq, blue color for down-regulated genes, yellow for up-regulated, bold 
numbers and darker color if the FDR value is < 0.05. 
F – fluconazole; M – mycophenolic acid; 2 – time at 2 h; 4 – time at 4 h. 
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We confirmed the expression values for most of them via qPCR (chapter 3.2.6) – Figure 44 
and Figure 45. 
 
Figure 44: Up-regulation of efflux pumps induced by mycophenolic acid ATR1, AUS1, CDR1, FLR1, PDR12, 
PDR16 confirmed by qPCR. 
Slika 44: Povišano izražanje genov izlivnih črpalk ATR1, AUS1, CDR1, FLR1, PDR12, PDR16 inducirano z 
mikofenolno kislino in potrjeno s qPCR. 
Conditions: U – untreated; F – fluconazole; M – mycophenolic acid; t1 – at 2h (green); t2 – at 4h (purple); 
scales of relative expressions are different for each gene. 
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Figure 45: Up-regulation of efflux pumps induced by mycophenolic acid PDH1, QDR2, SNQ2, TPO1_1, 
TPO1_2, YBT1, YOR1 confirmed by qPCR. 
Slika 45: Povišano izražanje genov izlivnih črpalk PDH1, QDR2, SNQ2, TPO1_1, TPO1_2, YBT1, YOR1 
inducirano z mikofenolno kislino in potrjeno s qPCR. 
Conditions: U – untreated; F – fluconazole; M – mycophenolic acid; t1 – at 2h (green); t2 – at 4h (purple); 
scales of relative expressions are different for each gene. 
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Against the FLC we have significantly overexpressed AUS1, CDR1, FLR1, QDR2, and 
YOR1. MPA adds to the combination overexpression of several new pumps (ATR1, PDR12, 
PDR16, SNQ2, TPO1_1, TPO1_2, YBT1, YHK8) and even increases expression compared 
to FLC for CDR1, FLR1, QDR2.  
 
Overexpression of AUS1 is connected to exogenous sterol uptake, which allows C. glabrata 
to evade the azole drug inhibition for example in the host tissue (Nagi et al., 2013). CDR1, 
FLR1, PDR16, QDR2, SNQ2, TPO1_1, TPO1_2, YBT1, YHK8, YOR1 were all previously 
connected to azole resistance/xenobiotics (Sanglard et al., 1999; Alarco et al., 1997; Kaur et 
al., 2004; Torelli et al., 2008; Dias et al., 2010; Tsai et al., 2010; Costa et al., 2013; Hoepfner 
et al., 2014; Santos et al., 2017). PDR12 is crucial for response to weak acids (MPA) (Piper 
et al., 1998), therefore its induction by MPA makes sense and is linked to the highly 
expressed HSP12. 
 
We observed this phenotype with Rhodamine 6G and BDP-PCZ accumulation assays 
(chapter 3.2.8) – Figure 46, Figure 48 and made a CLSM observation of the 6G and BDP-
PCZ accumulation (chapter 3.2.9) - Figure 47, Figure 49, respectively. 
 
Figure 46: Accumulation of Rhodamine 6G in C. glabrata parent strain HTL is lower when treated with 
mycophenolic acid signifying greater activity of efflux pumps. 
Slika 46: Akumulacija rodamina 6G je v starševskem sevu HTL nižja ob dodatku mikofenolne kisline, kar v 
tem primeru pomeni višjo aktivnost izlivnih črpalk. 
Untreated cells have accumulated statistically significant more R6G than the treated cells. Also, cells only 
treated with F accumulated significantly more R6G than the ones treated with F+M. This indicates higher 
activity of efflux pump in cells with M. CgPdr1∆ mutant served as a positive control, and unstrained cells as 
a negative. U – untreated; F – fluconazole 64 mg/L; M – mycophenolic acid 32 mg/L 
 
R6G is excreted from the cell by the same mechanism as the azole antifungals – the efflux 
pumps (Tsai et al., 2004; Cernicka et al., 2007). The less R6G fluorescence we measured in 
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a certain group of cells, the more active the efflux pumps were. This confirms that the 
response to MPA triggers several efflux pumps that can excrete FLC form the cells, 
lowering its effectiveness.  
 
Figure 47: Confocal microscopy of C. glabrata parent strain HTL and CgPdr1∆ mutant treated with 
Rhodamine 6G and calcofluor white. 
Slika 47: Slika konfokalne mikroskopije kvasovke C. glabrata (starševskega seva HTL in CgPdr1∆ mutante) 
obarvana z barvili rodamin 6G in calcofluor white. 
R6G is colored red and calcofluor white (CW) blue. DIC - differential interference contrast 
U – untreated; F – fluconazole 64 mg/L; M – mycophenolic acid 32 mg/L 
 
In addition, we observed the R6G accumulation with confocal microscopy (chapter 3.2.9). 
Calcofluor white was added to see the outlines of the cells and possible changes in 
accumulation of chitin. The positive control (CgPdr1∆) was full of R6G. For the other 
settings it is harder to decide on the differences between them just based on the images, 
although they all have obviously less red coloring than the positive control. It still seems that 
the FLC+MPA has the least amount or red. FLC treated cells (even more in the combination 
of FLC+MPA) seem to have a bit thicker chitin CW fluorescence signal, which could be a 
consequence due to the membrane stress. 
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Figure 48: Accumulation of labeled posaconazole in C. glabrata parent strain HTL and CgPdr1∆ mutant. 
Slika 48: Akumulacija označenega posakonazola v starševskem sevu HTL in CgPdr1∆ mutanti. 
Unstained controls included HTL and CgPdr1∆ strains with DMSO, P or P+M. Positive control with the 
addition of LP showed significant difference to the other 2 samples, but there wasn’t a statistically significant 
difference between sample treated with LP vs. sample with LP+M, even thou that the M one did have lower 
average intensity. P – posaconazole; LP – labeled posaconazole; M – mycophenolic acid 
 
FACS analysis with BDP-labeled PCZ (chapter 3.2.8) showed similar results as the R6G 
test, but the difference measured between sample with and without MPA wasn’t statistically 
significant. The positive control still had a very high fluorescence intensity, which indicates 
that BDP-PCZ acts similar as other azole antifungals and cannot be pumped out of the cell 
due to Pdr1∆ mutation. 
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Figure 49: Confocal microscopy of C. glabrata parent strain HTL and CgPdr1∆ mutant treated with labeled 
posaconazole and calcofluor white. 
Slika 49: Slika konfokalne mikroskopije kvasovke C. glabrata (starševskega seva HTL in CgPdr1∆ mutante) 
obarvana z označenim posakonazolom in calcofluor white. 
BDP-PCZ – labeled posaconazole; CW – calcofluor white. BDP-PCZ is colored green and CW blue. DIC - 
differential interference contrast. 
 
The positive control this time isn’t as distinctly different from the other two samples (as with 
R6G), but we do see a reduction of green (BDP-PCZ) in the MPA addition. BDP-PCZ 
provided was a low concentration solution in DMSO, so we couldn’t use higher 
concentrations (DMSO inhibition) to get a clearer picture. 
 
4.2.4.2 Ergosterol biosynthesis 
 
Changes in ergosterol biosynthesis/composition can dampen the effect of azole antifungals. 
Inactivation/deletion of Erg3 (crucial step to produce cytotoxic sterol 14α-methyl-3,6-diol 
when azoles inhibit Erg11) has a big impact in this kind of a resistance (Morio et al., 2012). 
Substantial changes in ergosterol biosynthesis imposed by MPA could benefit the cell in 
surviving azole stress. 
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Figure 50: Ergosterol biosynthesis path with genes and their relative expression, which is lower when treated 
with mycophenolic acid. 
Slika 50: Geni sintezne poti ergosterola in njihov nivo relativnega izražanja, ki je bil nižji pri tretmaju z 
mikofenolno kislino. 
The black path is the regular biosynthesis or ergosterol, red one signifies the path of Erg11 inhibition with 
azoles and creation of the toxic intermediate. On the right side we have RNA-seq relative expression values 
for each gene in the chain, blue color for down-regulated genes, yellow for up-regulated, darker color if the 
FDR value is < 0.05. F – fluconazole; M – mycophenolic acid; 1 – time point 1 at 2 h; 2 – time point 2 at 4 h. 
 
Most of the genes in ergosterol biosynthesis are up-regulated when it comes to FLC and 
MPA mostly down-regulates the whole path. These two then roughly add up in the 
FLC+MPA combination, generally resulting in lower expression values thorough – probably 
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dictated with MPA inhibition of the biosynthetic processes via GTP depletion or subsequent 
changes via mitochondrion dysfunction. We confirmed the expression levels for a few 
crucial genes with qPCR (chapter 3.2.6) – Figure 51. 
 
Figure 51: Relative expression of ERG1, ERG3, ERG11, and ERG24 is lower when treated with mycophenolic 
acid, confirmed by qPCR. 
Slika 51: Relativen nivo izražanja genov ERG1, ERG3, ERG11 in ERG24 je nižji ob dodatku mikofenolne 
kisline, potrjeno s qPCR. 
Conditions: U – untreated; F – fluconazole; M – mycophenolic acid; t1 – at 2h (green); t2 – at 4h (purple); 
scales of relative expressions are different for each gene. 
 
This down-regulation of ERG3 and ERG24 could lead to less toxic intermediate, and 
therefore lower the susceptibility to azoles. It’s an interesting dynamic that could have some 
effect in the increased tolerance to the azole antifungals.  
 
The changes in lipid/sterol composition (usually lower levels of ergosterol) can be connected 
with the disruption of mitochondrial function (Geraghty and Kavanagh, 2003). Ergosterol 
depletion also leads to increased RTA1 (CAGL0K00715g, in both FLC and MPA response), 
which is part of the PDR loci (Kołaczkowska et al., 2013). 
 
4.2.4.3 Possible causes 
 
Several changes happen in the cell that could cause the enhanced efflux pump activity, 
changes in lipid metabolism and various other processes – like increased expression of 
adhesin genes (EPA1, EPA7, EPA12, EPA20, and EPA22) in response to MPA and to 
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FLC+MPA. These genes are all under the control of Sir2 dependent NAD+ silencing, and 
MPA seems to cause unbalance/lack of NAD+, interrupting the silencing and thus increasing 
the expression.  
 
MPA drives mainly two mechanisms that are highly probable to contribute to the alleviated 
FLC tolerance – the mitochondrial dysfunction and the response to weak lipophilic acid.   
 
MPA induces response to weak acid. Due to the biochemical characteristic of MPA, being 
a weak lipophilic acid, similar to 2,4-dichlorophenoxyacetic (2,4-D) and artemisinic (ART) 
acid, it induces response to weak acids. The initial high expression of PDR12 efflux pump 
(Figure 44), and HSP12 (and later HSP30, RIM101, HAA1, WAR1) is reminiscent to the 
weak acid response (Schüller et al., 2004), but the typical regulatory pathways (Mira et al., 
2010) are either significantly down-regulated (MSN2, MSN4, YAP1) or become up-regulated 
(genes HAA1, RIM101, WAR1) only after the initial high expression of PDR12, HSP12, 
suggesting that the response to MPA as a weak acid is initially mostly triggered via a WAR1- 
MSN2/MSN4-independent pathway (Schüller et al., 2004). This is at odds with the notion 
that PDR12 and HSP12 are strongly and exclusively affected by absence of War1p and 
Msn2p/4p, respectively (Schüller et al., 2004). Lipophilic weak acids also induce multidrug 
resistance transporters via Pdr1 like ScPDR5 (CDR1), YOR1, ScPDR15 (PDH1), SNQ2 
(Mira et al., 2010), and TPO1_1, TPO1_2, which seems to be the case in our setting (Table 
43), especially at 4 h, but arguably not solely because of the chemical nature of MPA. 
RIM101 pathway has been linked to increased tolerance to azoles and involves genes 
connected to sphingolipid biosynthesis as well (Garnaud et al., 2018). 
 
Table 44: Relative expression of regulatory genes associated with response to weak acid against fluconazole, 
mycophenolic acid, and the combination of both at 2 and 4 h. 
Preglednica 44: Relativen nivo izražanja regulatornih genov, ki so povezani z odzivom na šibke kisline, pri 
odzivu na flukonazol, mikofenolno kislino in kombinacijo obeh. 
Gene ORF 
Relative expressiona 
F2 F4 M2 M4 FM2 FM4 
HSP12 CAGL0J04202g 0.847 -0.935 2.816 0.369 2.415 -0.155 
HSP30 CAGL0K07337g 0.177 -0.681 0.745 2.251 0.398 2.705 
RIM101 CAGL0E03762g 0.421 -0.042 0.281 0.907 0.081 0.776 
HAA1 CAGL0L09339g -0.162 -0.086 0.197 0.398 0.257 0.351 
WAR1 CAGL0H04367g -0.210 -0.011 0.118 0.417 -0.187 0.355 
MSN2 CAGL0F05995g 0.195 -0.105 -0.214 -0.656 -0.175 -0.649 
MSN4 CAGL0M13189g 0.163 -0.463 -0.575 -0.669 -0.554 -0.866 
YAP1 CAGL0F03069g 0.478 -0.326 0.026 -0.593 0.002 -0.513 
a relative expression values from RNA-seq, blue color for down-regulated genes, yellow for up-regulated, bold 
numbers and darker color if the FDR value is < 0.05. 
F – fluconazole; M – mycophenolic acid; 2 – time at 2 h; 4 – time at 4 h. 
 
Degree of effect the weak acid response has on the alleviated FLC tolerance is yet to be 
determined. Good place to start would be to try and reproduce the antagonistic phenotype 
on the checkerboard assay (chapter 3.2.2) or in Erlenmeyer flasks (chapter 3.2.3) with the 
combination of different acids (including lipophilic 2,4-D or ART) and azole antifungals. 
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MPA causes dysfunctional mitochondria, which orchestrates changes in lipid 
composition and signaling for the drug response. The following observations point to 
mitochondrial dysfunction: 
- Inhibition of GTP synthesis (CgImd4Δ) causes severe growth phenotype, and 
compromised membrane and cell wall integrity – these phenotypes are connected to 
mitochondrial dysfunction (Giraud and Velours, 1997). 
- Specifically enriched down-regulation of cytochrome C oxidase and succinate 
dehydrogenase genes, and up-regulation of cytochrome C reductase genes. 
- Induction of ROX1 (controls genes in a heme-dependent manner) and RLM1 
(involved in cell wall integrity) is a consequence of compensatory mechanisms due 
to mitochondrial dysfunction (Ferrari et al., 2011). Induction of SSA3 (Hsp70 protein 
family) is induced after the diauxic shift as well (Werner-Washburne et al., 1989). 
- Activation of Hog1 pathway is associated with mitochondrial dysfunction and 
oxidative stress (Barbosa et al., 2012). Oxidative stress is linked to higher production 
of reactive oxygen species (ROS) because of defective respiration (Shingu-Vazquez 
and Traven, 2011). We have highly overexpressed MAPK RCK2, effector in 
oxidative stress resistance connected to the Hog1 pathway (Bilsland et al., 2004). 
- Down-regulated synthesis of cardiolipin (GEP4, TAM41). Cardiolipin is required for 
the activity of the respiratory chain complexes in the inner membrane and protein 
import into mitochondria. This is a phenotype in cells with dysfunctional 
mitochondria – the cardiolipin is greatly reduced in mitochondrial membranes of 
mutants, which activate the drug resistance pathway (Joshi et al., 2009; Shingu-
Vazquez and Traven, 2011). 
- Down-regulated synthesis of sphingolipids (TSC10, SUR2, LAG1, 
CAGL0H05599g). Sphingolipids are key membrane components with a central role 
in signal transduction, cell regulation, and virulence in pathogenic fungi (Thevissen 
et al., 2007), and their level is closely related to the mitochondrial function 
(Spincemaille et al., 2014) → sphingolipid homeostasis is disturbed in petite mutants 
(Hallstrom et al., 2001). 
- Down-regulated synthesis of ergosterol is connected with the disruption of 
mitochondria (Geraghty and Kavanagh, 2003) – Figure 50. Cell wall integrity is 
linked to mitochondria and phospholipid homeostasis through the activity of the 
post-transcriptional regulator Ccr4-Pop2 (Geraghty and Kavanagh, 2003), which is 
in our case essential for the response to both drugs (FLC and MPA) – Figure 27. 
- Late induction of PDR1 in response to MPA could reflect progressive deterioration 
of mitochondria functionality, which coincides with large number of down-regulated 
genes connected to mitochondria and respiration (chapter 4.2.3.2). 
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Table 45: Relative expression of genes associated with dysfunctional mitochondria against fluconazole, 
mycophenolic acid, and the combination of both at 2 and 4 h. 
Preglednica 45: Relativen nivo izražanja genov povezanih z disfunkcionalnimi mitohondriji pri odzivu na 
flukonazol, mikofenolno kislino in kombinaciji obeh. 
Gene ORF 
Relative expressiona 
F2 F4 M2 M4 FM2 FM4 
ROX1 CAGL0D05434g -0.193 0.287 1.111 1.883 1.467 1.889 
RLM1 CAGL0H05621g 0.525 0.469 0.353 0.546 0.622 0.676 
RCK2 CAGL0F00649g 0.345 -0.124 1.352 0.570 1.467 0.179 
SSA3 CAGL0G03289g 0.109 -0.254 1.506 -0.586 1.821 -0.621 
NCE103 CAGL0G01540g 0.423 0.009 0.714 -0.022 0.919 0.036 
GEP4 CAGL0H04389g 0.180 0.031 -0.203 -0.580 0.016 -0.497 
TAM41 CAGL0G03861g 0.190 -0.132 -0.416 -0.419 -0.148 -0.390 
TSC10 CAGL0I09328g 0.131 -0.038 -0.333 -0.468 -0.416 -0.508 
SUR2 CAGL0H01375g 0.062 -0.442 -0.309 -0.764 -0.452 -0.741 
LAG1 CAGL0K02739g -0.339 -0.096 -0.396 -0.903 -0.555 -0.934 
YDC1 CAGL0H05599g 0.242 0.316 -0.230 -0.577 0.249 -0.531 
a relative expression values from RNA-seq, blue color for down-regulated genes, yellow for up-regulated, bold 
numbers and darker color if the FDR value is < 0.05. 
F – fluconazole; M – mycophenolic acid; 2 – time at 2 h; 4 – time at 4 h. 
 
 
Figure 52: Relative expression by qPCR for ROX1, GEP4, and TAM41 – genes associated with oxidative 
stress response and cardiolipin biosynthesis. 
Slika 52: Relativen nivo izražanja genov ROX1, GEP4 in TAM41, ki so povezani z odzivom na oksidativni 
stres in sintezo kardiolipinov. 
Conditions: U – untreated; F – fluconazole; M – mycophenolic acid; t1 – at 2h (green); t2 – at 4h (purple); 
scales of relative expressions are different for each gene. 
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Taken together, the data suggests the changes to the lipid and protein structure of 
mitochondrial membrane could trigger, among others, the pleiotropic drug response – 
similar as described in Figure 12. Pdr1 regulon is probably the main unit for the various 
efflux pump activation, which coffers the increased tolerance, although a few things point 
in the direction that parts of the efflux pump overexpression and the wide drug response 
aren’t initially/directly controlled only by the usual master regulator Pdr1. The persistence 
of the antagonistic interaction between MPA and FLC (although at lower concentrations of 
FLC) in CgPdr1∆ and CgGal11A∆ mutants and even in CgCdr1∆ efflux pump mutant – 
Figure 34, indicates that the Cdr1 isn’t the only efflux pump lowering the bioavailability of 
FLC, and that the other pumps aren’t solely controlled by Pdr1. 
 
Part of the increased activity of the efflux pumps is probably connected to the weak 
acid response and further on enhanced by the dysfunction of mitochondria. However, 
how exactly does the mitochondria communicate dysfunction to the cell and force different 
responses is still very vague (Shingu-Vazquez and Traven, 2011), see Figure 12. 
Communication between the dysfunctional mitochondria and the nucleus can be done 
through retrograde signaling (RTG1, RTG2, RTG3) (Hallstrom and Moye-Rowley, 2000; 
Moye-Rowley, 2005), but in our case only RTG3 is significantly down-regulated at 4 hours 
against MPA, which leaves us guessing for the connection between highly up-regulated 
effectors HSP12, ROX1, SSA3, and RCK2 – Figure 53. 
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Figure 53: Hog1 pathway in the central role for the oxidative and osmotic stress response, connecting HSP12, 
ROX1, SSA3, and RCK2 genes. 
Slika 53: Hog1 pot je v osrednji vlogi pri odzivu na oksidativni in osmotski stres in povezuje gene HSP12, 
ROX1, SSA3 in RCK2. 
 
It seems the central regulatory pathway triggered in the response to dysfunctional 
mitochondria caused by MPA is the Hog1 pathway, which eases the damage in cells that 
are unable to properly maintain the membrane in oxidative stress. 
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Another interesting report in S. cerevisiae was the increased fitness of cells with damaged 
mitochondrion genome and reduced PkA signaling compared to cells with damaged 
mitochondrion genome only (Akdoğan et al., 2016). Similar dynamic was observed in our 
response to MPA and FLC+MPA, we have down-regulated PkA signaling (Msn2/4) with 
dysfunctional mitochondria. We can speculate that this dynamic enhances the antagonistic 
interaction. Possible mechanism could be an adaptation of the cell to a new homeostasis 
between inhibited major metabolic/biosynthetic processes (Bollenbach et al., 2009). This 
phenotype is also connected to the increased levels of HSP12 and ties in our observation that 
the deletion of Tpk2 (part of PkA) increases the tolerance to both drugs – Figure 27. 
 
Calcineurin signaling is activated (up-regulation of CRZ1 TF) only in the response to FLC 
and in the combination, but not significantly in response to MPA, which further confirms 
that it isn’t an essential signaling pathway in the wide stress response caused by MPA. 
 
Figure 54: Relative expression by qPCR for CRZ1 and CNA1 – genes involved in calcineurin signaling. 
Slika 54: Relativen nivo izražanja genov CRZ1 in CNA1, ki sta povezana s kalcinurinsko signalizacijo. 
Conditions: U – untreated; F – fluconazole; M – mycophenolic acid; t1 – at 2h (green); t2 – at 4h (purple); 
scales of relative expressions are different. 
 
Role of Ypk1. CgYpk1Δ is the only mutant tested, which didn’t display the antagonistic 
phenotype in the checkerboard assay (chapter 3.2.2) – Figure 31, meaning it has an important 
role in the mechanism for this type of tolerance/resistance. Ypk1 is both a sensor and effector 
of sphingolipid level, and reduction in sphingolipids stimulates Ypk1, at least in part, via 
TORC2-dependent phosphorylation. Ypk1 phosphorylates regulatory proteins Orm1 and 
Orm2 to control sphingolipid homeostasis, where the primary physiological role of Ypk1-
mediated phosphorylation is to negatively regulate Orm function (Roelants et al., 2011). 
ORM2 is specifically down-regulated at 4h in the combination of FLC+MPA. 
 
Ypk1 seems to serve as a link and effector in this signaling cascade for the response to 
depleting levels of sphingolipids connected to the dysfunctional mitochondria. It could also 
serve as a link to induced CWI pathway (and even to the Pdr1 regulon - Figure 3) as recently 
proposed in (Istel, 2016), making it a pivotal protein kinase in the wide response triggered 
by MPA-caused dysfunctional mitochondria (and general starvation caused by the GTP 
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shortage). This (and discoveries in (Istel, 2016)) makes Ypk1 a valuable target for the 
antifungal drug development because its inhibition eliminates this type of induced 
tolerance/resistance and even further increases the susceptibility to both drugs. 
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First goal. For the first goal we confirmed the known synergistic interaction between 
calcineurin inhibitors (CsA, Fk506) and the antifungals. The calcineurin signaling is crucial 
for a successful drug response and its inhibition proves to be detrimental to S. cerevisiae and 
C. glabrata clinical isolates in combination with various antifungals. We discovered a new 
suppressive antagonism driven by MPA (inhibitor of purine biosynthesis), which alleviates 
the efficiency of azole antifungals against several S. cerevisiae and C. glabrata clinical 
isolates that weren’t already highly resistant to azoles. This indicates we have a mechanism 
of induced tolerance/resistance, which probably utilizes the known resistance mechanisms 
like the increased activity of the efflux pumps.  
 
The screening also highlighted the importance to re-evaluate the already established drug 
combinations from the clinic, this time against the pathogens, because most of the drug-drug 
evaluation for possible wanted/unwanted interactions today is based only on the host and 
not on the pathogen. With the antagonistic interaction between MPA and azoles we provide 
evidence that some important interactions are probably overlooked and could have a 
negative consequence if left unchecked. 
 
Antagonism can be used clinically to positively select for the less resistant strains to stay in 
the pool over the resistant ones, however given the nature of the C. glabrata mutator 
genotype and the increased possibility of a failed therapy, further use of the MPA + azole 
combinations should be carefully considered. 
 
Second goal. As it goes for the second goal, we successfully determined the main 
mechanism of induced tolerance. MPA lowers the bioavailability of FLC through induced 
activity of several drug efflux pumps. Another possible contribution to the higher tolerance 
is the inhibition of ERG3 and ERG24 expression, which can result in less cytotoxic 
ergosterol intermediate. To confirm the ergosterol intermediate theory, we would need to 
analyze the differences in lipid and ergosterol intermediate composition. ROX1 mediated 
Hog1 pathway is a possible candidate for the control of the down-regulated ergosterol 
biosynthesis genes. The third possible contribution to the higher tolerance is a possibility of 
increased cell fitness when damaged mitochondrion is combined with reduced PkA signaling 
compared only to cell with inhibited ergosterol biosynthesis. Increased cell fitness could be 
achieved via newly established homeostasis between inhibited major metabolic/biosynthetic 
processes. To confirm the theory of increased cell fitness, we would first need to reliably 
recreate the actual phenotype in vitro, and further study the mechanism, with focus on 
possible connections between dysfunctional mitochondria and nutrient sensing Ras-PkA 
pathway. 
 
The regulatory background of the suppressive antagonistic mechanism caused by the MPA 
most likely functions on two levels. The first and initial level is the chemical nature of MPA, 
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a weak lipophilic acid, triggering the specific response to weak acids, which also includes a 
few potentially important efflux pumps (for example Tpo1_2). To further explore and 
confirm this theory, we would need to determine, whether the addition of weak lipophilic 
acids lowers (induces the activity of the suitable efflux pumps) the bioavailability of azoles. 
 
The second level, probably with a much bigger effect on the overall picture of induced wide 
stress response and increased tolerance to azoles, is the shortage of GTPs, which causes 
starvation, DNA/RNA damage, respiratory inhibition and subsequent wide stress response. 
The background regulatory mechanism most likely involves dysfunctional mitochondria and 
highly up-regulated genes HSP12, ROX1, SSA3, and RCK2, which are all tied to a Hog1 
signaling pathway in charge for the response to oxidative and osmotic stress. Ypk1 could 
serve as an effector in sphingolipid homeostasis, and as a link to a subsequent activation of 
the Pkc1 CWI pathway or a similar response as CWI pathway leading to drug response with 
increased activity of the efflux pumps. Ypk1 deletion greatly increases the susceptibility to 
azoles and MPA (and echinocandins – published in (Istel, 2016)), and diminishes the 
antagonistic interaction between MPA and azoles – making it a crucial step between the 
MPA induced havoc through the shortage of GTPs and connecting it to the following drug 
response. Cell wall integrity is also linked to mitochondria and phospholipid homeostasis 
through the activity of the post-transcriptional regulator Pop2 (Ccr4 complex). Deletion of 
Pop2 also significantly increases susceptibility to FLC, MPA, and to the combination of 
both. 
 
Possible connection is proposed: the enhanced drug response comes from the dysfunctional 
mitochondria causing/responding to the changes in membrane lipid/protein composition and 
triggering the Hog1 and Pkc1 CWI pathways, which eventually results in a very strong drug 
response with various highly active efflux pumps. The connection between the mitochondria 
and cell is controlled by Ypk1 via sensing/responding to the disrupted sphingolipid 
homeostasis, which in turn triggers the cell wall integrity pathway and the drug response. 
The Hog1 pathway is probably directly activated by the changes of membrane composition 
alone. 
 
To have definitive answers for the proposed model, we would first need to further confirm 
that the MPA creates the dysfunctional mitochondria (analysis of ROS, ability to grow on 
non-fermentable carbon sources, analysis of the lipid composition and their intermediates, 
etc.). We would need to further explore the regulatory network between HSP12, ROX1, 
SSA3, RCK2 (and possibly POP2), and YPK1, and how Ypk1 connects to the Pkc1 CWI 
pathway and/or to the drug response. This would include the analysis of major consensus 
patterns within upper regions of the differentially expressed genes and connect that to their 
important promoters (for example from the rough analysis we see that the Hap1 specifically 
controls the increased expression of ERG gene family in response to FLC) and continue with 
construction/testing of specific mutants in the search for the genes that diminish the 
antagonistic interaction in the MPA+FLC drug combination (like Ypk1). 
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In the end the antagonistic interaction between MPA and azoles provides a powerful scaffold 
to study the induced tolerance presumably by dysfunctional mitochondria/GTP starvation in 
C. glabrata and S. cerevisiae. The study provided us with new potential targets for the 
antifungal therapy development. Future studies should investigate, why the targets are 
important in the drug response mechanisms. One of these targets is the integral drug response 
regulator Ypk1. 
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Associated mortality of Candidemia and other forms of invasive candidiasis has not 
decreased over the past two decades despite the introduction of several extended-spectrum 
triazole and echinocandin antifungal drugs for use in prophylaxis, empiric and targeted 
therapy. Candida glabrata is the second most common cause of these infections, and its 
intrinsic high tolerance and developed resistance make it a formidable pathogen with high 
mortality rates. It is closely related to Saccharomyces cerevisiae, and substantially differs to 
the most common yeast pathogen Candida albicans in its pathogenesis. Therefore, it is 
important to understand the virulence traits associated with this yeast. 
 
Traits that make C. glabrata such a successful and persistent pathogen, include ability to 
adhere to various surfaces, like epithelial cells, macrophages, and biomaterials, and 
subsequent formation of biofilm, which increases the resistance to antifungals and overall 
cell fitness. Another trait is the synthesis of pigmentation, which protects cells against 
hydrogen peroxide and ROS produced by neutrophils. Extreme adaptability to the 
environment is mostly controlled via different MAPK cascades, which for example enable 
cells to adapt, survive and even multiply inside macrophages. 
 
However, the most clinically important C. glabrata trait is its inherent tolerance and induced 
resistance to several antifungals, even resulting in multidrug resistance. Resistance to 
echinocandins and flucytosine comes via mutations of the target genes, whereas resistance 
to azoles is mostly attributed to the increased activity of the efflux pumps, which are 
overexpressed because of the activating mutations in the global drug response regulator 
Pdr1. Other ways to achieve azole resistance include petite mutants (or cells with 
dysfunctional mitochondria) overexpressing efflux pump genes and also lowering the 
amount of toxic ergosterol intermediate, changes in ergosterol genes sequence and 
expression, and changes to the sterol composition by the uptake of exogenous sterols. 
 
A lot of the focus has been given to the resistance mechanisms associated with C. glabrata 
and how to combat them. One of the fruitful strategies is the combination of various drugs, 
which attack several mechanisms in the pathogen, making it less capable of developing 
resistance and thus increasing the positive outcome of the therapy. Drug combination studies 
are usually focused on finding the synergistic drug pairs against the pathogen or, when 
focusing on the host that the interactions of the combinations aren’t toxic. In the clinical 
environment various drug combinations are in use on a regular basis, however they were 
only evaluated for their toxicity against the host. In this regard we tested the combination of 
immunosuppressive and antifungal drugs against the clinical isolates of C. glabrata and S. 
cerevisiae. 
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Screening of the clinical isolates of C. glabrata and S. cerevisiae for drug susceptibility and 
against drug combinations of immunosuppressive and antifungal drugs were done according 
to the EUCAST and CLSI guidelines. Results included MICs and interpreted modulatory 
effects between the drug combinations based on Loewe additivity model (calculation of 
fractional inhibitory concentration index), and Bliss independence criterion. The screening 
confirmed the synergistic interaction of calcineurin inhibitors (cyclosporine A and Fk506) 
and antifungals against most of our clinical isolates. 
 
We discovered an unexpected suppressive antagonism, where inhibitor of purine 
biosynthesis (mycophenolic acid - MPA) alleviates effect of azole antifungals. It is important 
to understand this kind of induced tolerance/resistance to antifungals for further 
development of antifungal therapy and possible drug discovery. The newly observed 
suppressive antagonism presented a unique opportunity and path to explore this 
undocumented resistance mechanism in C. glabrata. 
 
We explored the underlying mechanism of the suppressive antagonism with the tools of 
functional genomics, a chemogenomic screening of the C. glabrata single gene deletion 
library, and a transcriptomic analysis with RNA sequencing. The chemogenomic screening 
resulted in 28 gene deletions that significantly change the susceptibility of C. glabrata to 
FLC, 26 for MPA and 17 for the combination of both drugs. Further on we performed 
screening of 54 mutants, selected from the chemogenomic screening, to conduct drug 
combination assays between MPA and FLC, where we discovered that the Ypk1 deletion 
diminishes the antagonistic interaction between the drugs. RNA sequencing and primary 
bioinformatics analysis resulted in 343 differentially expressed genes for response to 
fluconazole (FLC), 1423 for MPA, and 1505 for FLC+MPA. For the secondary analysis we 
used different tools, like Orange, R, YeastMine, Saccharomyces Genome Database, Candida 
Genome Database, GeneMANIA, YeTFaSCo and many more. Analysis mostly consisted of 
clustering differentially expressed genes to gene ontologies based on function, process, and 
component, comparing different genes, and connecting them in associated networks. The 
results pointed in MPA induced wide overexpression of efflux pumps, which we confirmed 
using Rhodamine 6G and fluorescent labeled posaconazole accumulation assays, and 
through observing their accumulation under the confocal laser scanning microscope. 
 
The suppressive antagonism is primarily caused by MPA forcing the cell into starvation and 
damaging the mitochondria, changing the lipid/protein composition of cell membrane and 
triggering a wide stress response through Hog1 and Pkc1 cell wall integrity signaling 
pathways involving genes associated with oxidative stress response like HSP12, ROX1, 
SSA3, RCK2, and YPK1. This in the end results in an increased activity of the efflux pumps 
and substantially lower bioavailability of azoles in the cells, thus making them less effective. 
MPA also triggers response to weak lipophilic acids, which includes up-regulation of several 
efflux pumps and could add a significant effect to the overall tolerance. MPA also lowers 
the expression of ERG3 and ERG24, which could result in less cytotoxic ergosterol 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




intermediate. However, this needs further confirmation via analysis of the cell lipid 
composition. Another potential phenotype worth further exploration is the increased fitness 
of cells with dysfunctional mitochondria and repressed PkA pathways compared to cells 
with repression in only one major biosynthetic process (e.g. ergosterol). This interaction 
could tie in with the ability of C. glabrata to survive harsh phagosomal environment. 
 
The exploration of the suppressive antagonistic mechanism resulted in several new targets 
(Ypk1 and Pop2 highlighted) for the antifungal drug discovery and deeper understanding of 
the complex nature of C. glabrata stress response and its incredible ability to adapt to harsh 
conditions, which is one of its key traits making it such a successful pathogen in the age of 
widespread antifungal therapy. Among the new targets, Ypk1 serine/threonine kinase stands 
out as a crucial integral regulator of the drug stress response and a potential link for the 
communication between dysfunctional mitochondria and stress response. Its inhibition could 




Pogostost kandidemij in drugih oblik kandidoz ter z njimi povezana visoka umrljivost se v 
zadnjih dveh desetletjih ni zmanjšala, kljub odkritju in uporabi novih oblik antimikotikov, 
kot so novi triazoli in ehinokandini s širokim spektrom delovanja za profilakso, empirično 
ter tarčno terapijo. Kvasovka Candida glabrata je drugi najpogostejši vzrok teh okužb. Njen 
vzpon in pomembnost v kliničnem okolju sta velikokrat povezana z njeno prirojeno visoko 
toleranco in vedno pogostejšo odpornostjo na antimikotike. Najbolj ranljive populacije so 
bolniki s presaditvijo organov, AIDS-om, malignimi boleznimi, bolniki z imunosupresivno 
terapijo in prezgodaj rojeni dojenčki. Najpogostejša povzročiteljica kandidemij je kvasovka 
Candida albicans, a jo v določenih populacijah bolnikov kvasovka C. glabrata celo prehiti. 
Med te populacije štejemo bolnike s hematološkimi malignomi, diabetesom in bolniki z 
abdominalnim virom infekcije. 
 
C. glabrata je bližnji sorodnik s pivsko kvasovko Saccharomyces cerevisiae. Z njo si deli 
mnogo homolognih genov, vendar ti nastopijo občasno z malenkost spremenjeno funkcijo 
in načinom regulacije. Primer tega so geni za flokulacijo pivske kvasovke, katerih nabor je 
v kvasovki C. glabrata širši in služijo za pritrjevanje na različne površine, kot so na primer 
celice epitelija, makrofagi in različni bio-materiali. Njena bližina s kvasovko S. cerevisiae 
pomeni, da se C. glabrata in njeni mehanizmi virulence razlikujejo od najpogostejše in 
najbolj raziskane povzročiteljice kandidemij, kvasovke C. albicans. V kvasovki C. glabrata 
na primer ni zabeleženega nastajanja hif in s tem povezane invazivne rasti ter izločanja 
aspargičnih proteaz, dveh zelo pomembnih faktorjev virulence kvasovke C. albicans. 
 
Glavne lastnosti kvasovke C. glabrata povezane z virulenco vključujejo povečano 
sposobnost pritrjevanja na različne materiale. Pritrjevanju običajno sledi nastanek biofilma, 
ki poveča odpornost na antimikotike in fitnes samih celic. Naslednja lastnost je biosinteza 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




pigmenta, ki varuje celice proti vodikovemu peroksidu in reaktivnimi kisikovimi radikali, ki 
jih na primer proizvajajo nevtrofilci. Kvasovka C. glabrata je izjemno prilagodljiva na težka 
okolja. Primer tega je njena zmožnost preživetja v makrofagih, znotraj katerih se celo deli. 
Odziv na okolje in njena prilagoditev je večinoma pod nadzorom različnih kaskad mitogen-
aktiviranih protein kinaz (MAPK). MAPK signalne kaskade so pogosto povezane tudi z 
odzivom na zdravila, najbolj pomembna v tem kontekstu je Pkc1 signalna pot za ohranjanje 
integritete celične stene, ki se povezuje s sintezo sfingolipidov, pomembnih signalih 
molekul, kalcinurinsko signalizacijo in Pdr1 odzivom na zdravila. 
 
Najpomembnejša lastnost patogene kvasovke C. glabrata za klinično okolje je njena visoka 
toleranca in pogosto razvita odpornost na različne antimikotike. Pojavljajo se že sevi z 
multiplo odpornostjo na več različnih antimikotikov. Pred kratkim je bil opisan pogost 
genotip v kvasovki C. glabrata, kjer mutacije v genu MSH2, ki je odgovoren za popravilo 
genskih mutacij, promovirajo hitro akumulacijo mutacij, ki so ključne za pridobitev 
odpornosti. Mutacije v genu MSH2 so zabeležili v več kot 50% primerov kliničnih izolatov. 
 
Odpornost na ehinokandine in flucitozin je običajno povezana z mutacijo tarčnih genov, 
FKS1 in FKS2 za ehinokandine ter FCY1, FCY2 in FUR1 za flucitozin. Za odpornost na 
azole je večinoma odgovorna povečana aktivnost izlivnih črpalk zaradi mutacij, ki aktivirajo 
prekomerno izražanje globalnega regulatorja odziva na zdravila Pdr1. Drugi mehanizmi 
odpornosti na azole vključujejo petit mutante (oz. celice z disfunkcionalnimi mitohondriji), 
ki prekomerno izražajo gene izlivnih črpalk in imajo nižjo raven toksičnih intermediatov 
ergosterola. Odpornost na azole v kvasovki C. glabrata se lahko pridobi še s spremembami 
v izražanju ali sekvenci genov povezanih s sintezo ergosterola ter s spremembami v sestavi 
sterolov skozi prevzem eksogenih sterolov. Tarčni protein azolov je namreč del sintezne poti 
ergosterola, Erg11, ki vrši pretvorbo lanosterola v C14-dimetil-lanosterol. Z njegovo 
inhibicijo se skozi encima Erg24 in Erg3 v celici akumulira citotoksični intermediat 
ergosterola. 
 
Preučevanju mehanizmov odpornosti kvasovke C. glabrata in strategijam, kako se boriti 
proti temu, je namenjene veliko pozornosti. Ena od strategij je kombinirana terapija, tj. 
hkratno zdravljenje z različnimi učinkovinami, ki ciljajo različne celične mehanizme in s 
tem preprečijo razvoj odpornosti ter povečajo uspešnost terapij. Najpogostejša je 
kombinacija dveh antimikotikov z različnim mehanizmom delovanja, veliko pozornosti pa 
je namenjene tudi raziskavam kombinacij antimikotikov z inhibitorji Hsp90, kalcinurina, 
Pkc1 in tarčami membranskih funkcij ter sfingolipidne biosinteze. Običajno se pri 
kombinacijah zdravil govori in išče sinergijo med učinkovinami, saj to predstavlja bolj 
izrazito aplikativnost, so pa antagonistične interakcije lahko zanimive za preučevanje 
mehanizmov odpornosti. Poleg tega se pri antagonizmu pojavi dinamika, da se selekcionira 
bolj občutljive seve/populacije v prid bolj odpornih. 
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V kliničnem okolju obstaja zaradi same narave različnih zdravljenj že veliko terapij, kjer se 
kombinira zdravila, ki imajo učinek tudi na patogene. Pri preučevanju interakcij med zdravili 
v kliničnem okolju je običajno v ospredju gostitelj in toksičnost določene kombinacije. 
Patogene se pri tem večinoma pozablja. Na podlagi tega smo določili prvi cilj pričujoče 
doktorske teze, to je testirati, kakšen učinek imajo kombinacije med imunosupresivi in 
antimikotiki na klinične izolate kvasovk C. glabrata in S. cerevisiae. Kvasovke so 
evkarionti, kar pomeni, da si s sesalci delijo veliko homolognih genov, tako da so v njih 
prisotne tudi tarče imunosupresivov. Predvidevali smo, da bodo kombinacije z anitimikotiki 
privedle do določenih modulatornih interakcij (sinergije ali antagonizma). Ciklosporin A in 
Fk506 namreč inhibirata kalcinurin, pomembno signalno pot v kvasu, ki je odgovorna za 
regulacijo celičnega cikla, sinteze celične stene, funkcij membrane in je ključna pri 
preživetju stresa celične membrane. Metotreksat inhibira metabolizem folne kisline, kar 
lahko v kvasovkah inhibira produkcijo ergosterola in s tem zniža odpornost proti azolom. 
Mikofenolna kislina je šibka lipofilna kislina, ki inhibira sintezo purinov, kar ima zaviralne 
učinke tudi v kvasovkah. 
 
S presejalnimi testi smo opazovali občutljivost kliničnih izolatov na posamezna zdravila ter 
na kombinacijo med imunosupresivi in antimikotiki. Presejalni testi so potekali v skladu s 
smernicami EUCAST in CLSI v mikrotiterskih ploščah s 96 luknjami. Opravili smo 
približno 150 testov občutljivosti na posamezna zdravila, to vključuje vseh 12 kliničnih 
izolatov, več ponovitev ter dodatne teste za specifične seve. Rezultat teh testiranj so bile 
različne inhibitorne koncentracije učinkovin proti mikrobom. S tem smo si ustvarili 
referenčno polje za nadaljnje eksperimente ter določili, ali imamo opravka s kakšnimi 
odpornimi/dovzetnimi izolati. Okoli minimalnih inhibitornih koncentracij smo nato postavili 
okvirje testov kombinacij zdravil med imunosupresivi in antimikotiki. Teh je bilo v sklopu 
prvega cilja okoli 250 in so pokrivali vse kombinacije med imunosupresivi in antimikotiki z 
vsemi kliničnimi izolati (12x12=144 testov s ponovitvami) ter dodatna testiranja za potrditev 
določenih opažanj. Tukaj govorimo predvsem o antagonizmu med mikofenolno kislino 
(MPA) in azoli. Interpretacija modulatornih učinkov v testih kombinacij zdravil je temeljila 
na modelu aditivnosti po Loeweju in na modelu, ki je slonel na Blissovem kriteriju 
neodvisnosti. Po modelih smo izračunali FICI (indeks frakcionalne inhibitorne 
koncentracije) vrednosti ter seštevek razlik med učinki na dejansko rast v kombinaciji ter 
izračunano teoretično rastjo glede na inhibicijo posameznega zdravila. 
 
Potrdili smo že poznano sinergijo med kalcinurinskimi inhibitorji (ciklosporin A in Fk506) 
ter antimikotiki (amfotericin B, flukonazol in itrakonazol) proti večini naših kliničnih 
izolatov. Tudi sevi odporni na azole (ZIM 2566, ZIM 2385 in ZIM 2389) so v kombinaciji 
s kacinurinskimi inhibitorji postali občutljivejši. Ti rezultati dodatno potrjujejo, da je 
kalcinurin kot sekundarna tarča za razvoj novih antimikrobnih terapij velikega pomena. 
 
Odkrili smo tudi nepričakovan supresivni antagonizem, kjer inhibitor sinteze purinov MPA 
zmanjša učinkovitost azolov. Fenotip, ki ga izpostavljamo, v literaturi še ni bil opisan. 
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Razumevanje takega tipa inducirane tolerance/odpornosti je pomembno, saj lahko prinese 
nov vpogled v odziv kvasovke na zdravila in s tem prinese nove načine, s katerimi se lahko 
borimo proti odpornosti kvasovke C. glabrata. Kot drugi cilj v doktorski tezi smo določili 
raziskati molekularne osnove te antagonistične interakcije med azoli in mikofenolno kislino 
v kvasovki C. glabrata. V veliko oporo nam je bila modelna kvasovka S. cerevisiae, saj si 
kvasovki med seboj delita veliko homologov, katerih vloga in regulacija je pri modelni 
kvasovki bistveno bolje raziskana. Pri tem je bilo pomembno, da smo na presejalnih testih 
kombinacije zdravil ta fenotip opazili tudi pri kvasovki S. cerevisiae, saj lahko tako z večjo 
gotovostjo povežemo določene funkcije ter vloge genov do patogene C. glabrata. 
 
Mehanizem supresivnega antagonizma smo raziskali z orodji funkcijske genomike, bolj 
natančno s kemogenomskimi presejalnimi testi delecijske zbirke C. glabrata mutant, ki 
imajo onemogočen po en gen, in s transkriptomsko analizo določanja RNA zaporedja 
celotnega transkriptoma. Za osrednji sev, na katerem smo opravili študijo mehanizma, smo 
izbrali C. glabrata ATCC 2001, saj ima najbolje anotiran genom in iz njega izhaja starševski 
sev HTL, ki je osnova za delecijsko zbirko mutant. Za določitev optimalnih pogojev, 
časovnih točk in koncentracij zdravil smo najprej opravili več testov rasti pri različnih 
koncentracijah, tako v mikrotiterskih ploščah kot v erlenmajericah na stresalniku. Prve 
spremembe rasti smo opazili pri 5 mg/L flukonazola (FLC) in 5 mg/L MPA po 2 in 4 urah. 
 
Pri kemogenomskih presajalnih testih smo celoten nabor mutant (okoli 800 mutant) testirali 
v prisotnosti FLC, MPA in kombinaciji obeh ter primerjali njihovo relativno rast z rastjo 
mutant brez dodatka zdravil. Signifikantna sprememba (več kot 20% razlika) rasti v 
prisotnosti perturbacije (FLC, MPA ali kombinacija obeh) je pomenila zadetek. Pri odzivu 
na FLC smo imeli 28 takih zadetkov, pri MPA 26 in 17 za kombinacijo obeh učinkovin. Za 
potrditev zadetkov smo analizirali 54 izbranih mutant z okoli 100 testi občutljivosti na 
zdravila (za FLC ali MPA) in z okoli 100 testi kombinacij zdravil (večinoma za kombinacijo 
FLC+MPA). Mutante smo izbrali glede na rezultate kemogenomske analize. 
 
Perturbaciji FLC in MPA si delita 20 (od 28 oz. 26 mutant), ki spremenijo odpornost na 
zdravila. Med te sodi TPK2, ki poveča toleranco na obe zdravili, in je del cAMP-odvisne 
protein kinazne (PkA) poti, ki je odgovorna za množico procesov v celici, večinoma 
povezanih z energetskim metabolizmom, odzivom na nutriente, celično rastjo in delitvijo. 
Med osrednje elemente, ki so nujni za odziv in uspešno obrambo proti kombinaciji FLC in 
MPA, sodijo CCR4-NOT regulatorni kompleks, kompleks RSC za preurejanje kromatina, 
Ssn3 in Ypk1 protein kinazi ter Mcm1 in Pdr1 transkripcijska faktorja. Kalcinurinska 
signalizacija z aktivacijo transkripcijskega faktorja Crz1 ni bila del nujnega odziva na 
kombinacijo zdravil, prav tako pleiotropni odziv na zdravila skozi regulator Pdr1 ni bil 
ključen za preživetje pri dodatku MPA. Posebej velja izpostaviti mutanto serin/treonin 
protein kinaze Ypk1, ki izgubi antagonističen odziv na kombinacijo FLC in MPA. 
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Transkriptomski eksperiment je vključeval dve časovni točki (dve in štiri ure) in vzorce, ki 
so bili izpostavljeni 5 mg/L FLC, 5 mg/L MPA ter kombinaciji obeh. Po primarni analizi 
surovih podatkov smo dobili 343 diferenčno izraženih genov pri odzivu kvasovke C. 
glabrata na FLC, 1423 na MPA in 1505 pri odzivu na kombinacijo FLC+MPA. Za 
sekundarno analizo smo uporabili različna orodja, od Orange, R, YeastMine, GeneMANIA, 
Saccharomyces Genome Database, Candida Genome Database do YeTFaSCo in druge. 
Sekundarna analiza je vključevala zbiranje genov v skupke genskih ontologij glede na 
funkcijo in proces, primerjavo različnih genov ter njihovo povezovanje v omrežja. Vsak 
odziv, torej odziv celice na FLC in odziv celice na MPA, smo analizirali posebej ter 
primerjali, kaj od teh odzivov se prepleta pri kombinaciji obeh zdravil.  
 
Odziv na FLC je večinoma vključeval prekomerno izražanje genov za biosintezo 
ergosterola, gene pleiotropnega odziva na zdravila regulirane skozi Pdr1, kacinurinsko 
signalno pot in Pkc1 pot za ohranjanje integritete celične stene. Odziv na MPA je bil veliko 
bolj kompleksen. Zaradi izčrpavanja zalog purinov (gvanozin trifosfata – GTP) je celica 
prekomerno izražala gene biosintezne poti za GTP (vključno s tarčnim genom IMD4). Poleg 
tega je prekomerno izražala 261 genov povezanih z RNA metabolnimi procesi in imela nižjo 
raven izražanja kopice genov (253) povezanih z različnimi biosinteznimi procesi, vključno 
s sintezo ergosterola. Med signifikantno nižje izraženimi geni je bilo tudi veliko genov 
povezanih s procesi, organizacijo in sestavljanjem mitohondrijev ter celičnim ciklom. Vse 
te korenite spremembe v celici je pospremil zelo širok odziv na različne oblike stresa, od 
hipoksije, oksidativnega stresa, stresa celične stene in membrane, pomanjkanja nutrientov, 
odziva na vročino in zdravila, do odziva na šibke kisline. Kot osrednji signalni poti širokega 
odziva sta najboljša kandidata Hog1 pot za odziv na osmotski in oksidativni stres ter Pkc1 
pot za ohranjanje integritete celične stene. V tem širokem stresnem odzivu je bilo 
prekomerno izraženih veliko genov izlivnih črpalk (ATR1, PDR12, PDR16, SNQ2, TPO1_1, 
TPO1_2, YBT1, YHK8, CDR1, FLR1, QDR2 in SNQ2). Nekatere od njih so bile v preteklosti 
že povezane s povečano odpornostjo na azole. V kombinaciji obeh zdravil se odziva sestavita 
skupaj, v prvem delu odziva (po 2 urah) dominirajo podobni geni kot pri odzivu na FLC, 
kasnejši, večji odziv pa vodi MPA z izčrpavanjem GTP-jev. 
 
Rezultati transkriptomske analize so kazali na povečano izražanje genov izlivnih črpalk 
povezanih z odpornostjo na azole. Pri akumulacijskih testih z rodaminom 6G in 
fluorescentno označenim posakonazolom, so imeli vzorci z dodatkom MPA nižje vsebnosti 
barvil, kar kaže na povečano aktivnost izlivnih črpalk in najverjetnejši vzrok za višjo 
toleranco na azole. Podobno akumulacijo barvil smo opazili tudi pod konfokalnim 
mikroskopom. 
 
Interpretacija rezultatov narekuje, da je supresivni antagonizem v veliki meri povzročen 
zaradi učinkov MPA. Med učinke v prvi vrsti štejemo stradanje celice skozi inhibicijo 
sinteze purinov ter posledične poškodbe na mitohondrijih, spremembe v sestavi lipidov in 
proteinov celične membrane ter širok stresni odziv. Širok stresni odziv gre po MAPK Hog1 
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signalni poti za odziv na oksidativni in osmotski stres ter po MAPK Pkc1 signalni poti za 
vzdrževanje integritete celične stene. Odziv v teh dveh poteh vključuje gene HSP12, ROX1, 
SSA3, RCK2 in YPK1. Končen rezultat je povečana aktivnost izlivnih črpalk in posledično 
zmanjšana biološka uporabnost FLC, kar poveča toleranco na antimikotik.  
 
Sledi opis predlaganega modela povečane tolerance na azole v prisotnosti MPA. Ojačan 
odziv na zdravila prihaja iz disfunkcionalnih mitohondrijev, ki povzročajo/se odzivajo na 
spremembe v lipidni in proteinski sestavi membrane ter s tem sprožijo signalne poti Hog1 
in Pkc1, kar sočasno povzroči močan odziv na zdravila z aktivacijo široke palete izlivnih 
črpalk, ki zmanjšajo biološko uporabnost azolov. Povezavo med mitohondriji in jedrom 
nadzira Ypk1 s pomočjo zaznavanja/odziva na motnje v sfingolipidni homeostazi, kar sproži 
signalno pot Pkc1 za ohranitev integritete celične stene oz. odziv na zdravila. Aktivacija 
Hog1 poti je verjetno neposredna s spremembami v membranski sestavi. Predlagani model 
lahko služi kot osnova za nadaljnje študije na tem fenotipu. Za potrditev modela bi 
potrebovali še dodatne raziskave, od preučevanja vezavnih mest Ypk1, transkriptomske 
analize odziva Ypk1 mutante na FLC in MPA, do podrobnejše analize lipidne sestave celice. 
 
MPA sproži tudi odziv značilen za šibke lipofilne kisline, ki prav tako vključuje zvišano 
raven izražanja nekaterih genov izlivnih črpalk, kar bi lahko pripomoglo k zvišanju 
tolerance. MPA hkrati zniža izražanje genov ERG3 in ERG24, kar bi lahko pripeljalo do 
nižjih ravni toksičnega intermediata ergosterola in s tem povečalo toleranco celic na azole. 
Za potrditev tega mehanizma bi potrebovali še dodatno analizo celičnih lipidov oz. bolj 
natančno, količino posameznih intermediatov egosterola.  
 
Še en potencialno pomemben fenotip v antagonistični interakciji, ki smo ga zasledili v drugih 
študijah, je povečan fitnes celice pri pogojih, ko ima celica disfunkcionalne mitohondrije in 
hkrati represijo PkA poti, v primerjavi s celicami, ki imajo inhibiran zgolj en osrednji 
metabolni oz. biosintezni proces (npr. disfunkcionalne mitohondrije ali pa biosintezo 
ergosterola). Izkaže se, da je ta dinamika disfunkcionalnih mitohondrijev in represije PkA 
poti prisotna ravno pri odzivu celice na MPA in FLC+MPA. Ta dinamika, značilna za 
fenotip povečanega fitnesa celice, se dodatno potrdi z mutanto Tpk2 (del PkA poti), pri kateri  
smo zabeležili povečano toleranco na obe zdravili. Možna razlaga te interakcije je ponovna 
vzpostavitev homeostaze med osrednjimi metabolnimi in biosinteznimi procesi. 
 
Poleg transkriptomske in kemogenomske analize smo želeli pripraviti še dvojno mutanto 
primarnih tarč zdravil, ERG11 za FLC in IMD4 za MPA. Potencialen fenotip povišane 
tolerance na zdravila v dvojni mutanti bi nam služil kot potrditev, da je to posledica 
interakcije inhibicij primarnih tarč zdravil. IMD4 mutanto smo uspešno pripravili. Imela je 
močno prizadeto rast in povečano permeabilnost membrane. Zaradi zelo počasne rasti smo 
imeli težave z uporabo te mutante v testih občutljivost in kombinacij zdravil. ERG11 mutante 
nismo uspeli pripraviti, niti s podaljšanjem prekrivajočih regij za večjo verjetnost homologne 
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rekombinacije, niti z dodatkom ergosterola v gojišča transformant. Zaradi tega smo morali 
opustiti prizadevanja priprave dvojne mutante primarnih tarč. 
 
Raziskovanje supresivnega antagonizma v kvasovki C. glabrata med MPA in FLC je 
prineslo več novih tarč za razvoj antimikotikov (na primer Ypk1 in Pop2) in poglobljeno 
razumevanje kompleksne narave odziva kvasovke C. glabrata na stres in njene adaptacije 
na neugodne pogoje. Ravno učinkovita adaptacija na surove pogoje (na primer inducirana 
toleranca na antimikotike in preživetje znotraj makrofagov) je ena od ključnih lastnosti tega 
uspešnega patogena. Med novimi tarčami je vredno izpostaviti Ypk1 protein kinazo kot 
kandidata za integralni regulator odziva na različna zdravila ter kot potencialno povezavo za 
pogovor med disfunkcionalnimi mitohondriji in celičnim stresnim odzivom skozi 
zaznavanje homeostaze sfingolipidov. 
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List of C. glabrata single gene deletion mutants used in this study. The background strain 
was HTL. The library was constructed in (Schwarzmüller et al., 2014). 
ID 
KO 
number Genotype Gene ORF (Sc) Functional Category 
1 88 CAGL0A01133gΔ::NAT1  MDL2 YPL270W Other 
2 89 CAGL0A01133gΔ::NAT1  MDL2 YPL270W Other 
3 90 CAGL0A01133gΔ::NAT1 MDL2 YPL270W Other 
4 91 CAGL0F06545gΔ::NAT1 RIM9 YMR063W Other 
5 92 CAGL0F06545gΔ::NAT1 RIM9 YMR063W Other 
6 93 CAGL0F06655gΔ::NAT1 AVO2 YMR068W Cell wall organization 
7 94 CAGL0F07579gΔ::NAT1 CWP1 YKL096W Cell wall organization 
8 95 CAGL0F07579gΔ::NAT1 CWP1 YKL096W Cell wall organization 
9 96 CAGL0F06677gΔ::NAT1 GPA1 YHR005C Other 
10 97 CAGL0F06677gΔ::NAT1 GPA1 YHR005C Other 
11 98 CAGL0F06677gΔ::NAT1 GPA1 YHR005C Other 
12 99 CAGL0F06677gΔ::NAT1 GPA1 YHR005C Other 
13 100 CAGL0B02211gΔ::NAT1 CCH1 YGR217W Transport 
14 101 CAGL0I03894gΔ::NAT1   YDL193W Other 
15 102 CAGL0A01133gΔ::NAT1 MDL2 YPL270W Other 
16 103 CAGL0A03586gΔ::NAT1   YLR040C Cell wall organization 
17 104 CAGL0A03586gΔ::NAT1   YLR040C Cell wall organization 
18 105 CAGL0B00858gΔ::NAT1 STE50 YCL032W Signal transduction 
19 106 CAGL0B00858gΔ::NAT1 STE50 YCL032W Signal transduction 
20 107 CAGL0B00858gΔ::NAT1 STE50 YCL032W Signal transduction 
21 108 CAGL0B02211gΔ::NAT1 CCH1 YGR217W Transport 
22 109 CAGL0D02882gΔ::NAT1 SSK1 YLR006C Signal transduction 
23 110 CAGL0G04125gΔ::NAT1 SAG1 YJR004C Cell wall organization 
24 111 CAGL0G05896gΔ::NAT1 DSE2 YHR143W Cell wall organization 
25 112 CAGL0F07579gΔ::NAT1 CWP1 YKL096W Cell wall organization 
26 113 CAGL0G09020gΔ::NAT1 TPK2 YPL203W Signal transduction 
27 114 CAGL0G09020gΔ::NAT1 TPK2 YPL203W Signal transduction 
28 115 CAGL0G09020gΔ::NAT1 TPK2 YPL203W Signal transduction 
29 116 CAGL0L00627gΔ::NAT1 KRH1 YOR371C Signal transduction 
30 117 CAGL0M08404gΔ::NAT1 TPK1 YJL164C Signal transduction 
31 118 CAGL0M08404gΔ::NAT1 TPK1 YJL164C Signal transduction 
32 119 CAGL0K09944gΔ::NAT1 PDE2 YOR360C Signal transduction 
33 120 CAGL0K09944gΔ::NAT1 PDE2 YOR360C Signal transduction 
34 121 CAGL0I08195gΔ::NAT1 GPA2 YER020W Signal transduction 
35 122 CAGL0I08195gΔ::NAT1 GPA2 YER020W Signal transduction 
36 123 CAGL0J07282gΔ::NAT1 KRH2 YAL056W Signal transduction 
37 124 CAGL0J07282gΔ::NAT1 KRH2 YAL056W Signal transduction 
38 125 CAGL0J07282gΔ::NAT1 KRH2 YAL056W Signal transduction 
39 126 CAGL0B04521gΔ::NAT1 RAS1 YOR101W Other 
40 127 CAGL0K01507gΔ::NAT1 GPR1 YDL035C Signal transduction 
41 128 CAGL0B02211gΔ::NAT1 CCH1 YGR217W Transport 
42 129 CAGL0B02211gΔ::NAT1 CCH1 YGR217W Transport 
43 130 CAGL0B00968gΔ::NAT1 FUS1 YCL027W Other 
44 131 CAGL0B00968gΔ::NAT1 FUS1 YCL027W Other 
45 132 CAGL0B00968gΔ::NAT1 FUS1 YCL027W Other 
46 133 CAGL0C02211gΔ::NAT1 UTR2 YEL040W Cell wall organization 
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47 134 CAGL0C02211gΔ::NAT1 UTR2 YEL040W Cell wall organization 
48 135 CAGL0C02211gΔ::NAT1 UTR2 YEL040W Cell wall organization 
49 136 CAGL0E01771gΔ::NAT1 YPS6 YIR039C Cell wall organization 
50 137 CAGL0E01771gΔ::NAT1 YPS6 YIR039C Cell wall organization 
51 138 CAGL0F01463gΔ::NAT1 TIR1 YER011W Cell wall organization 
52 139 CAGL0F01463gΔ::NAT1 TIR1 YER011W Cell wall organization 
53 140 CAGL0F01463gΔ::NAT1 TIR1 YER011W Cell wall organization 
54 141 CAGL0F03883gΔ::NAT1 GAS3 YMR215W Cell wall organization 
55 142 CAGL0F07601gΔ::NAT1 CWP1 YKL096W Cell wall organization 
56 143 CAGL0F07601gΔ::NAT1 CWP1 YKL096W Cell wall organization 
57 144 CAGL0F07601gΔ::NAT1 CWP1 YKL096W Cell wall organization 
58 145 CAGL0F07909gΔ::NAT1 HAL9 YOL089C Transcriptional regulation 
59 146 CAGL0F07909gΔ::NAT1 HAL9 YOL089C Transcriptional regulation 
60 147 CAGL0F07909gΔ::NAT1 HAL9 YOL089C Transcriptional regulation 
61 148 CAGL0F09053gΔ::NAT1 MNL1 YHR204W Cell wall organization 
62 149 CAGL0F09053gΔ::NAT1 MNL1 YHR204W Cell wall organization 
63 150 CAGL0F09053gΔ::NAT1 MNL1 YHR204W Cell wall organization 
64 151 CAGL0G07667gΔ::NAT1 PRY2 YKR013W Vacuole, Golgi 
65 152 CAGL0G07667gΔ::NAT1 PRY2 YKR013W Vacuole, Golgi 
66 153 CAGL0G07667gΔ::NAT1 PRY2 YKR013W Vacuole, Golgi 
67 154 CAGL0G09020gΔ::NAT1 TPK2 YPL203W Signal transduction 
68 155 CAGL0G09020gΔ::NAT1 TPK2 YPL203W Signal transduction 
69 158 CAGL0L05632gΔ::NAT1 PBS2 YJL128C Signal transduction 
70 159 CAGL0L05632gΔ::NAT1 PBS2 YJL128C Signal transduction 
71 160 CAGL0A00451gΔ::NAT1 PDR1 YGL013C Transcriptional regulation 
72 161 CAGL0A00451gΔ::NAT1 PDR1 YGL013C Transcriptional regulation 
73 162 CAGL0A00451gΔ::NAT1 PDR1 YGL013C Transcriptional regulation 
74 163 CAGL0H06413gΔ::NAT1 CCW14 YLR390W-A Cell wall organization 
75 164 CAGL0H06413gΔ::NAT1 CCW14 YLR390W-A Cell wall organization 
76 165 CAGL0H06413gΔ::NAT1 CCW14 YLR390W-A Cell wall organization 
77 166 CAGL0F05995gΔ::NAT1 MSN4 YKL062W Transcriptional regulation 
78 167 CAGL0F05995gΔ::NAT1 MSN4 YKL062W Transcriptional regulation 
79 168 CAGL0F05995gΔ::NAT1 MSN4 YKL062W Transcriptional regulation 
80 169 CAGL0E03982gΔ::NAT1 YBT1 YLL048C Vacuole, Golgi 
81 170 CAGL0E03982gΔ::NAT1 YBT1 YLL048C Vacuole, Golgi 
82 171 CAGL0E03982gΔ::NAT1 YBT1 YLL048C Vacuole, Golgi 
83 172 CAGL0F01507gΔ::NAT1 SLG1 YOR008C Signal transduction 
84 173 CAGL0F01507gΔ::NAT1 SLG1 YOR008C Signal transduction 
85 174 CAGL0F01507gΔ::NAT1 SLG1 YOR008C Signal transduction 
86 175 CAGL0G09757gΔ::NAT1   YLR278C Transcriptional regulation 
87 176 CAGL0H03861gΔ::NAT1 HRB1 YNL004W Chromatin 
88 177 CAGL0H03861gΔ::NAT1 HRB1 YNL004W Chromatin 
89 178 CAGL0H04367gΔ::NAT1 WAR1 YML076C Transcriptional regulation 
90 179 CAGL0G00858gΔ::NAT1 MID2 YLR332W Signal transduction 
91 180 CAGL0G00858gΔ::NAT1 MID2 YLR332W Signal transduction 
92 181 CAGL0G00858gΔ::NAT1 MID2 YLR332W Signal transduction 
93 182 CAGL0F04081gΔ::NAT1 TEC1 YBR083W Transcriptional regulation 
94 183 CAGL0F04081gΔ::NAT1 TEC1 YBR083W Transcriptional regulation 
95 184 CAGL0F04081gΔ::NAT1 TEC1 YBR083W Transcriptional regulation 
96 192 CAGL0D03674gΔ::NAT1 NEW1 YPL226W Transcriptional regulation 
97 193 CAGL0D03674gΔ::NAT1 NEW1 YPL226W Transcriptional regulation 
98 194 CAGL0D03674gΔ::NAT1 NEW1 YPL226W Transcriptional regulation 
99 195 CAGL0E00385gΔ::NAT1 MDL1 YLR188W Transport 
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100 196 CAGL0E00385gΔ::NAT1 MDL1 YLR188W Transport 
101 197 CAGL0E00385gΔ::NAT1 MDL1 YLR188W Transport 
102 198 CAGL0E06248gΔ::NAT1 RCN1 YKL159C Signal transduction 
103 199 CAGL0E06248gΔ::NAT1 RCN1 YKL159C Signal transduction 
104 200 CAGL0E06248gΔ::NAT1 RCN1 YKL159C Signal transduction 
105 201 CAGL0B03421gΔ::NAT1 HAP1 YLR256W Transcriptional regulation 
106 202 CAGL0B03421gΔ::NAT1 HAP1 YLR256W Transcriptional regulation 
107 203 CAGL0D03850gΔ::NAT1 RSC3 YDR303C Other 
108 204 CAGL0D03850gΔ::NAT1 RSC3 YDR303C Other 
109 205 CAGL0D03850gΔ::NAT1 RSC3 YDR303C Other 
110 206 CAGL0D01936gΔ::NAT1 SNF7 YLR025W Other 
111 207 CAGL0D01936gΔ::NAT1 SNF7 YLR025W Other 
112 208 CAGL0D01936gΔ::NAT1 SNF7 YLR025W Other 
113 209 CAGL0J11506gΔ::NAT1 CHS1 YNL192W Cell wall organization 
114 210 CAGL0J11506gΔ::NAT1 CHS1 YNL192W Cell wall organization 
115 211 CAGL0J11506gΔ::NAT1 CHS1 YNL192W Cell wall organization 
116 212 CAGL0B03421gΔ::NAT1 HAP1 YLR256W Transcriptional regulation 
117 213 CAGL0E03476gΔ::NAT1 CDC25 YLR310C Signal transduction 
118 214 CAGL0F09229gΔ::NAT1   YER184C Transcriptional regulation 
119 215 CAGL0G01056gΔ::NAT1 GAS2 YLR343W Cell wall organization 
120 216 CAGL0G01056gΔ::NAT1 GAS2 YLR343W Cell wall organization 
121 217 CAGL0G01056gΔ::NAT1 GAS2 YLR343W Cell wall organization 
122 218 CAGL0H01683gΔ::NAT1   YDR520C Transcriptional regulation 
123 219 CAGL0H01683gΔ::NAT1   YDR520C Transcriptional regulation 
124 220 CAGL0G03597gΔ::NAT1 SHO1 YER118C Signal transduction 
125 221 CAGL0I03498gΔ::NAT1 STE7 YDL159W Signal transduction 
126 222 CAGL0I03498gΔ::NAT1 STE7 YDL159W Signal transduction 
127 223 CAGL0I03498gΔ::NAT1 STE7 YDL159W Signal transduction 
128 224 CAGL0I04092gΔ::NAT1 SHE10 YGL228W Other 
129 225 CAGL0I04092gΔ::NAT1 SHE10 YGL228W Other 
130 226 CAGL0I04092gΔ::NAT1 SHE10 YGL228W Other 
131 227 CAGL0I04862gΔ::NAT1 SNQ2 YDR011W Transport 
132 228 CAGL0I04862gΔ::NAT1 SNQ2 YDR011W Transport 
133 229 CAGL0I04862gΔ::NAT1 SNQ2 YDR011W Transport 
134 230 CAGL0I05236gΔ::NAT1 BCY1 YIL033C Signal transduction 
135 231 CAGL0I05236gΔ::NAT1 BCY1 YIL033C Signal transduction 
136 232 CAGL0I05236gΔ::NAT1 BCY1 YIL033C Signal transduction 
137 233 CAGL0I06138gΔ::NAT1 FAR1 YJL157C Signal transduction 
138 234 CAGL0I06138gΔ::NAT1 FAR1 YJL157C Signal transduction 
139 235 CAGL0I06138gΔ::NAT1 FAR1 YJL157C Signal transduction 
140 236 CAGL0I07755gΔ::NAT1 HAL9 YOL089C Transcriptional regulation 
141 237 CAGL0I07755gΔ::NAT1 HAL9 YOL089C Transcriptional regulation 
142 238 CAGL0E03476gΔ::NAT1 CDC25 YLR310C Signal transduction 
143 239 CAGL0J11770gΔ::NAT1 PLB1 YMR008C Cell wall organization 
144 240 CAGL0J11770gΔ::NAT1 PLB1 YMR008C Cell wall organization 
145 241 CAGL0J11770gΔ::NAT1 PLB1 YMR008C Cell wall organization 
146 242 CAGL0K00363gΔ::NAT1 STE6 YKL209C Other 
147 243 CAGL0K00363gΔ::NAT1 STE6 YKL209C Other 
148 244 CAGL0K00363gΔ::NAT1 STE6 YKL209C Other 
149 245 CAGL0K01331gΔ::NAT1 SIT4 YDL047W Signal transduction 
150 246 CAGL0K01331gΔ::NAT1 SIT4 YDL047W Signal transduction 
151 247 CAGL0K01331gΔ::NAT1 SIT4 YDL047W Signal transduction 
152 248 CAGL0L01727gΔ::NAT1 DCW1 YKL046C Cell wall organization 
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153 249 CAGL0L01727gΔ::NAT1 DCW1 YKL046C Cell wall organization 
154 250 CAGL0L01727gΔ::NAT1 DCW1 YKL046C Cell wall organization 
155 251 CAGL0L02761gΔ::NAT1 STE4 YOR212W Signal transduction 
156 252 CAGL0L02761gΔ::NAT1 STE4 YOR212W Signal transduction 
157 253 CAGL0L02761gΔ::NAT1 STE4 YOR212W Signal transduction 
158 254 CAGL0L03377gΔ::NAT1     Other 
159 255 CAGL0L03674gΔ::NAT1   YJL103C Transcriptional regulation 
160 256 CAGL0L04400gΔ::NAT1 YRR1 YOR162C Transcriptional regulation 
161 257 CAGL0L04400gΔ::NAT1 YRR1 YOR162C Transcriptional regulation 
162 258 CAGL0L04400gΔ::NAT1 YRR1 YOR162C Transcriptional regulation 
163 259 CAGL0M08184gΔ::NAT1 STE3 YKL178C Signal transduction 
164 260 CAGL0M08184gΔ::NAT1 STE3 YKL178C Signal transduction 
165 261 CAGL0M09669gΔ::NAT1 RIM13 YMR154C Other 
166 262 CAGL0M09669gΔ::NAT1 RIM13 YMR154C Other 
167 263 CAGL0M11440gΔ::NAT1 CHA4 YLR098C Transcriptional regulation 
168 264 CAGL0M11726gΔ::NAT1 CCW12 YLR110C Cell wall organization 
169 265 CAGL0M12298gΔ::NAT1 OAF1 YAL051W Transcriptional regulation 
170 266 CAGL0M12298gΔ::NAT1 OAF1 YAL051W Transcriptional regulation 
171 267 CAGL0M12298gΔ::NAT1 OAF1 YAL051W Transcriptional regulation 
172 268 CAGL0M05907gΔ::NAT1   YKR064W Transcriptional regulation 
173 269 CAGL0M05907gΔ::NAT1   YKR064W Transcriptional regulation 
174 270 CAGL0M05907gΔ::NAT1   YKR064W Transcriptional regulation 
175 271 CAGL0M06831gΔ::NAT1 CRZ1 YNL027W Transcriptional regulation 
176 272 CAGL0M06831gΔ::NAT1 CRZ1 YNL027W Transcriptional regulation 
177 273 CAGL0M06831gΔ::NAT1 CRZ1 YNL027W Transcriptional regulation 
178 274 CAGL0M09207gΔ::NAT1 STE18 YJR086W Signal transduction 
179 275 CAGL0M09207gΔ::NAT1 STE18 YJR086W Signal transduction 
180 276 CAGL0M09207gΔ::NAT1 STE18 YJR086W Signal transduction 
181 277 CAGL0M09669gΔ::NAT1 RIM13 YMR154C Other 
182 278 CAGL0M11440gΔ::NAT1 CHA4 YLR098C Transcriptional regulation 
183 279 CAGL0M11440gΔ::NAT1 CHA4 YLR098C Transcriptional regulation 
184 280 CAGL0M11726gΔ::NAT1 CCW12 YLR110C Cell wall organization 
185 281 CAGL0G01386gΔ::NAT1 SLM1 YIL105C Signal transduction 
186 282 CAGL0G01386gΔ::NAT1 SLM1 YIL105C Signal transduction 
187 283 CAGL0G01386gΔ::NAT1 SLM1 YIL105C Signal transduction 
188 284 CAGL0F08833gΔ::NAT1 MSB2 YGR014W Cell wall organization 
189 285 CAGL0G00242gΔ::NAT1 YOR1 YGR281W Transport 
190 286 CAGL0L01727gΔ::NAT1 DCW1 YKL046C Cell wall organization 
191 287 CAGL0K02673gΔ::NAT1 STE20 YHL007C Signal transduction 
192 288 CAGL0K02673gΔ::NAT1 STE20 YHL007C Signal transduction 
193 289 CAGL0K02673gΔ::NAT1 STE20 YHL007C Signal transduction 
194 290 CAGL0I08503gΔ::NAT1 MET16 YPR167C Other 
195 291 CAGL0I08503gΔ::NAT1 MET16 YPR167C Other 
196 292 CAGL0I08503gΔ::NAT1 MET16 YPR167C Other 
197 293 CAGL0I09416gΔ::NAT1   YBR270C Other 
198 294 CAGL0J04290gΔ::NAT1 FUS3 YBL016W Signal transduction 
199 295 CAGL0J04290gΔ::NAT1 FUS3 YBL016W Signal transduction 
200 296 CAGL0J11308gΔ::NAT1 NPR1 YNL183C Transport 
201 297 CAGL0J11308gΔ::NAT1 NPR1 YNL183C Transport 
202 298 CAGL0J11308gΔ::NAT1 NPR1 YNL183C Transport 
203 299 CAGL0J00253gΔ::NAT1 MTL1 YGR023W Signal transduction 
204 300 CAGL0J00253gΔ::NAT1 MTL1 YGR023W Signal transduction 
205 301 CAGL0J00253gΔ::NAT1 MTL1 YGR023W Signal transduction 
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206 302 CAGL0K04169gΔ::NAT1 KSS1 YGR040W Signal transduction 
207 303 CAGL0K04169gΔ::NAT1 KSS1 YGR040W Signal transduction 
208 304 CAGL0K04169gΔ::NAT1 KSS1 YGR040W Signal transduction 
209 305 CAGL0L06336gΔ::NAT1 STE5 YDR103W Signal transduction 
210 306 CAGL0L06336gΔ::NAT1 STE5 YDR103W Signal transduction 
211 307 CAGL0K06479gΔ::NAT1 PKH3 YDR466W Cell wall organization 
212 308 CAGL0K06479gΔ::NAT1 PKH3 YDR466W Cell wall organization 
213 309 CAGL0K06479gΔ::NAT1 PKH3 YDR466W Cell wall organization 
214 310 CAGL0L03377gΔ::NAT1 SIP4 YJL089W Transcriptional regulation 
215 311 CAGL0L03377gΔ::NAT1 SIP4 YJL089W Transcriptional regulation 
216 312 CAGL0L03377gΔ::NAT1 SIP4 YJL089W Transcriptional regulation 
217 313 CAGL0K06985gΔ::NAT1   YBR239C Transcriptional regulation 
218 314 CAGL0K06985gΔ::NAT1   YBR239C Transcriptional regulation 
219 315 CAGL0L03674gΔ::NAT1   YJL103C Transcriptional regulation 
220 316 CAGL0L03674gΔ::NAT1   YJL103C Transcriptional regulation 
221 317 CAGL0L03674gΔ::NAT1   YJL103C Transcriptional regulation 
222 318 CAGL0M04191gΔ::NAT1 YPS1 YLR120C Cell wall organization 
223 319 CAGL0M04191gΔ::NAT1 YPS1 YLR120C Cell wall organization 
224 320 CAGL0M04191gΔ::NAT1 YPS1 YLR120C Cell wall organization 
225 321 CAGL0M04565gΔ::NAT1 ACF2 YLR144C Cell wall organization 
226 322 CAGL0M04565gΔ::NAT1 ACF2 YLR144C Cell wall organization 
227 323 CAGL0M04565gΔ::NAT1 ACF2 YLR144C Cell wall organization 
228 324 CAGL0L07656gΔ::NAT1 GLO1 YML004C Other 
229 325 CAGL0L07656gΔ::NAT1 GLO1 YML004C Other 
230 326 CAGL0L07656gΔ::NAT1 GLO1 YML004C Other 
231 327 CAGL0L04576gΔ::NAT1 YRR1 YOR162C Transcriptional regulation 
232 328 CAGL0L04576gΔ::NAT1 YRR1 YOR162C Transcriptional regulation 
233 329 CAGL0L04576gΔ::NAT1 YRR1 YOR162C Transcriptional regulation 
234 330 CAGL0L05632gΔ::NAT1 PBS2 YJL128C Signal transduction 
235 331 CAGL0L05632gΔ::NAT1 PBS2 YJL128C Signal transduction 
236 332 CAGL0L05632gΔ::NAT1 PBS2 YJL128C Signal transduction 
237 333 CAGL0L07744gΔ::NAT1 ADP1 YCR011C Other 
238 334 CAGL0L07744gΔ::NAT1 ADP1 YCR011C Other 
239 335 CAGL0L07744gΔ::NAT1 ADP1 YCR011C Other 
240 336 CAGL0L09691gΔ::NAT1 PUT3 YKL015W Transcriptional regulation 
241 337 CAGL0L09691gΔ::NAT1 PUT3 YKL015W Transcriptional regulation 
242 338 CAGL0L09691gΔ::NAT1 PUT3 YKL015W Transcriptional regulation 
243 339 CAGL0L10956gΔ::NAT1 RIM20 YOR275C Other 
244 340 CAGL0L10956gΔ::NAT1 RIM20 YOR275C Other 
245 341 CAGL0L10956gΔ::NAT1 RIM20 YOR275C Other 
246 342 CAGL0L12056gΔ::NAT1 BMH1 YER177W Other 
247 343 CAGL0L12056gΔ::NAT1 BMH1 YER177W Other 
248 344 CAGL0L12056gΔ::NAT1 BMH1 YER177W Other 
249 345 CAGL0M02387gΔ::NAT1 PXA1 YPL147W Transport 
250 346 CAGL0M02387gΔ::NAT1 PXA1 YPL147W Transport 
251 347 CAGL0M02651gΔ::NAT1 RDS2 YPL133C Transcriptional regulation 
252 348 CAGL0M02651gΔ::NAT1 RDS2 YPL133C Transcriptional regulation 
253 349 CAGL0M02651gΔ::NAT1 RDS2 YPL133C Transcriptional regulation 
254 350 CAGL0M03025gΔ::NAT1 CAT8 YMR280C Transcriptional regulation 
255 351 CAGL0M03773gΔ::NAT1   YNL300W Cell wall organization 
256 352 CAGL0M03773gΔ::NAT1   YNL300W Cell wall organization 
257 353 CAGL0M03773gΔ::NAT1   YNL300W Cell wall organization 
258 354 CAGL0M03663gΔ::NAT1 RIM21 YNL294C Other 
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259 355 CAGL0M03663gΔ::NAT1 RIM21 YNL294C Other 
260 356 CAGL0M03663gΔ::NAT1 RIM21 YNL294C Other 
261 357 CAGL0M04169gΔ::NAT1 KRE1 YNL322C Cell wall organization 
262 358 CAGL0M04169gΔ::NAT1 KRE1 YNL322C Cell wall organization 
263 359 CAGL0M04169gΔ::NAT1 KRE1 YNL322C Cell wall organization 
264 360 CAGL0M01826gΔ::NAT1 ECM33 YBR078W Cell wall organization 
265 361 CAGL0M01826gΔ::NAT1 ECM33 YBR078W Cell wall organization 
266 362 CAGL0M01826gΔ::NAT1 ECM33 YBR078W Cell wall organization 
267 363 CAGL0K11902gΔ::NAT1 LYS14 YDR034C Transcriptional regulation 
268 364 CAGL0K11902gΔ::NAT1 LYS14 YDR034C Transcriptional regulation 
269 365 CAGL0K11902gΔ::NAT1 LYS14 YDR034C Transcriptional regulation 
270 366 CAGL0L00605gΔ::NAT1 CNB1 YKL190W Signal transduction 
271 367 CAGL0L00605gΔ::NAT1 CNB1 YKL190W Signal transduction 
272 368 CAGL0L00605gΔ::NAT1 CNB1 YKL190W Signal transduction 
273 369 CAGL0L01727gΔ::NAT1 DCW1 YKL046C Cell wall organization 
274 370 CAGL0L01727gΔ::NAT1 DCW1 YKL046C Cell wall organization 
275 371 CAGL0L01727gΔ::NAT1 DCW1 YKL046C Cell wall organization 
276 372 CAGL0L02761gΔ::NAT1 STE4 YOR212W Signal transduction 
277 373 CAGL0L02761gΔ::NAT1 STE4 YOR212W Signal transduction 
278 374 CAGL0L02761gΔ::NAT1 STE4 YOR212W Signal transduction 
279 375 CAGL0K12430gΔ::NAT1 STE2 YFL026W Signal transduction 
280 376 CAGL0K12430gΔ::NAT1 STE2 YFL026W Signal transduction 
281 377 CAGL0K10164gΔ::NAT1 SED1 YDR077W Cell wall organization 
282 378 CAGL0K10164gΔ::NAT1 SED1 YDR077W Cell wall organization 
283 379 CAGL0K10868gΔ::NAT1 CTA1 YDR256C Other 
284 380 CAGL0L01771gΔ::NAT1 SOK2 YMR016C Transcriptional regulation 
285 381 CAGL0M04191gΔ::NAT1 YPS1 YLR120C Cell wall organization 
286 382 CAGL0M13849gΔ::NAT1 GAS1 YMR307W Cell wall organization 
287 383 CAGL0M13849gΔ::NAT1 GAS1 YMR307W Cell wall organization 
288 384 CAGL0M13849gΔ::NAT1 GAS1 YMR307W Cell wall organization 
289 385 CAGL0I10945gΔ::NAT1 MCA1 YOR197W Other 
290 386 CAGL0I10945gΔ::NAT1 MCA1 YOR197W Other 
291 387 CAGL0I10945gΔ::NAT1 MCA1 YOR197W Other 
292 388 CAGL0L11110gΔ::NAT1 CNA1 YLR433C Signal transduction 
293 389 CAGL0L11110gΔ::NAT1 CNA1 YLR433C Signal transduction 
294 390 CAGL0L11110gΔ::NAT1 CNA1 YLR433C Signal transduction 
295 391 CAGL0M04565gΔ::NAT1 ACF2 YLR144C Cell wall organization 
296 392 CAGL0M04565gΔ::NAT1 ACF2 YLR144C Cell wall organization 
297 393 CAGL0M04565gΔ::NAT1 ACF2 YLR144C Cell wall organization 
298 394 CAGL0L01771gΔ::NAT1 SOK2 YMR016C Transcriptional regulation 
299 395 CAGL0K06479gΔ::NAT1 PKH3 YDR466W Cell wall organization 
300 396 CAGL0K06479gΔ::NAT1 PKH3 YDR466W Cell wall organization 
301 397 CAGL0F08371gΔ::NAT1 TNA1 YGR260W Transport 
302 398 CAGL0K10868gΔ::NAT1 CTA1 YDR256C Other 
303 399 CAGL0K10868gΔ::NAT1 CTA1 YDR256C Other 
304 400 CAGL0K10868gΔ::NAT1 CTA1 YDR256C Other 
305 401 CAGL0L12782gΔ::NAT1 DIG1 YPL049C Transcriptional regulation 
306 402 CAGL0L12782gΔ::NAT1 DIG1 YPL049C Transcriptional regulation 
307 403 CAGL0L12782gΔ::NAT1 DIG1 YPL049C Transcriptional regulation 
308 404 CAGL0M01760gΔ::NAT1 PDR5 YOR153W Transport 
309 405 CAGL0M01760gΔ::NAT1 PDR5 YOR153W Transport 
310 406 CAGL0L03674gΔ::NAT1   YJL103C Transcriptional regulation 
311 407 CAGL0L03674gΔ::NAT1   YJL103C Transcriptional regulation 
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312 408 CAGL0L03377gΔ::NAT1 SIP4 YJL089W Transcriptional regulation 
313 409 CAGL0K12430gΔ::NAT1 STE2 YFL026W Signal transduction 
314 410 CAGL0D02530gΔ::NAT1 EGT2 YNL327W Cell wall organization 
315 411 CAGL0H08624gΔ::NAT1 MCM16 YPR046W Other 
316 412 CAGL0H08624gΔ::NAT1 MCM16 YPR046W Other 
317 413 CAGL0H08624gΔ::NAT1 MCM16 YPR046W Other 
318 414 CAGL0H05621gΔ::NAT1 RLM1 YPL089C Transcriptional regulation 
319 415 CAGL0H05621gΔ::NAT1 RLM1 YPL089C Transcriptional regulation 
320 416 CAGL0H05621gΔ::NAT1 RLM1 YPL089C Transcriptional regulation 
321 417 CAGL0H04367gΔ::NAT1 WAR1 YML076C Transcriptional regulation 
322 418 CAGL0H04367gΔ::NAT1 WAR1 YML076C Transcriptional regulation 
323 419 CAGL0H04367gΔ::NAT1 WAR1 YML076C Transcriptional regulation 
324 420 CAGL0G09449gΔ::NAT1 CRH1 YGR189C Cell wall organization 
325 421 CAGL0G09449gΔ::NAT1 CRH1 YGR189C Cell wall organization 
326 422 CAGL0G09449gΔ::NAT1 CRH1 YGR189C Cell wall organization 
327 423 CAGL0G08844gΔ::NAT1   YIL130W Transcriptional regulation 
328 424 CAGL0G08844gΔ::NAT1   YIL130W Transcriptional regulation 
329 425 CAGL0G08844gΔ::NAT1   YIL130W Transcriptional regulation 
330 426 CAGL0G09757gΔ::NAT1   YLR278C Transcriptional regulation 
331 427 CAGL0G09757gΔ::NAT1   YLR278C Transcriptional regulation 
332 428 CAGL0G09757gΔ::NAT1   YLR278C Transcriptional regulation 
333 429 CAGL0E04620gΔ::NAT1 ECM33 YBR078W Cell wall organization 
334 430 CAGL0E06666gΔ::NAT1 MUC1 YIR019C Cell wall organization 
335 431 CAGL0E06666gΔ::NAT1 MUC1 YIR019C Cell wall organization 
336 432 CAGL0E06666gΔ::NAT1 MUC1 YIR019C Cell wall organization 
337 433 CAGL0A04455gΔ::NAT1 SEF1 YBL066C Transcriptional regulation 
338 434 CAGL0A04455gΔ::NAT1 SEF1 YBL066C Transcriptional regulation 
339 435 CAGL0A04455gΔ::NAT1 SEF1 YBL066C Transcriptional regulation 
340 436 CAGL0C03872gΔ::NAT1 TIR3 YIL011W Cell wall organization 
341 437 CAGL0C03872gΔ::NAT1 TIR3 YIL011W Cell wall organization 
342 438 CAGL0C03872gΔ::NAT1 TIR3 YIL011W Cell wall organization 
343 439 CAGL0H05621gΔ::NAT1 RLM1 YPL089C Transcriptional regulation 
344 440 CAGL0H05621gΔ::NAT1 RLM1 YPL089C Transcriptional regulation 
345 441 CAGL0H05621gΔ::NAT1 RLM1 YPL089C Transcriptional regulation 
346 442 CAGL0D02794gΔ::NAT1 WSC4 YHL028W Signal transduction 
347 443 CAGL0D02794gΔ::NAT1 WSC4 YHL028W Signal transduction 
348 444 CAGL0D02794gΔ::NAT1 WSC4 YHL028W Signal transduction 
349 445 CAGL0J03828gΔ::NAT1 MKK2 YPL140C Signal transduction 
350 446 CAGL0J03828gΔ::NAT1 MKK2 YPL140C Signal transduction 
351 447 CAGL0G00242gΔ::NAT1 YOR1 YGR281W Transport 
352 448 CAGL0G00242gΔ::NAT1 YOR1 YGR281W Transport 
353 449 CAGL0L06138gΔ::NAT1 TPN1 YGL186C Transport 
354 450 CAGL0L06138gΔ::NAT1 TPN1 YGL186C Transport 
355 451 CAGL0L06138gΔ::NAT1 TPN1 YGL186C Transport 
356 452 CAGL0G00242gΔ::NAT1 YOR1 YGR281W Transport 
357 453 CAGL0G00242gΔ::NAT1 YOR1 YGR281W Transport 
358 454 CAGL0M10791gΔ::NAT1 SSK2 YNR031C Other 
359 455 CAGL0M10791gΔ::NAT1 SSK2 YNR031C Other 
360 456 CAGL0M10791gΔ::NAT1 SSK2 YNR031C Other 
361 457 CAGL0M03597gΔ::NAT1 MID1 YNL291C Transport 
362 458 CAGL0F01419gΔ::NAT1 AUS1 YOR011W Transport 
363 459 CAGL0F01419gΔ::NAT1 AUS1 YOR011W Transport 
364 460 CAGL0F02519gΔ::NAT1   YJL206C Transcriptional regulation 
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365 461 CAGL0F02519gΔ::NAT1   YJL206C Transcriptional regulation 
366 462 CAGL0F02519gΔ::NAT1   YJL206C Transcriptional regulation 
367 463 CAGL0F02519gΔ::NAT1   YJL206C Transcriptional regulation 
368 464 CAGL0H06875gΔ::NAT1 ARG81 YML099C Transcriptional regulation 
369 465 CAGL0H06875gΔ::NAT1 ARG81 YML099C Transcriptional regulation 
370 466 CAGL0H06875gΔ::NAT1 ARG81 YML099C Transcriptional regulation 
371 467 CAGL0H06875gΔ::NAT1 ARG81 YML099C Transcriptional regulation 
372 468 CAGL0C02277gΔ::NAT1 GLN3 YER040W Transcriptional regulation 
373 469 CAGL0C02277gΔ::NAT1 GLN3 YER040W Transcriptional regulation 
374 470 CAGL0C02277gΔ::NAT1 GLN3 YER040W Transcriptional regulation 
375 471 CAGL0F07755gΔ::NAT1 CEP3 YMR168C Chromatin 
376 472 CAGL0F07755gΔ::NAT1 CEP3 YMR168C Chromatin 
377 473 CAGL0F07755gΔ::NAT1 CEP3 YMR168C Chromatin 
378 474 CAGL0F02717gΔ::NAT1 PDR15 YDR406W Transport 
379 475 CAGL0F02717gΔ::NAT1 PDR15 YDR406W Transport 
380 476 CAGL0F02717gΔ::NAT1 PDR15 YDR406W Transport 
381 477 CAGL0A04081gΔ::NAT1 SRP40 YKR092C Cell wall organization 
382 478 CAGL0A04081gΔ::NAT1 SRP40 YKR092C Cell wall organization 
383 479 CAGL0A04081gΔ::NAT1 SRP40 YKR092C Cell wall organization 
384 480 CAGL0D02904gΔ::NAT1 PPR1 YLR014C Transcriptional regulation 
385 481 CAGL0D02904gΔ::NAT1 PPR1 YLR014C Transcriptional regulation 
386 482 CAGL0D02904gΔ::NAT1 PPR1 YLR014C Transcriptional regulation 
387 483 CAGL0H02563gΔ::NAT1 HOR7 YMR251W-A Cell wall organization 
388 484 CAGL0H02563gΔ::NAT1 HOR7 YMR251W-A Cell wall organization 
389 485 CAGL0H02563gΔ::NAT1 HOR7 YMR251W-A Cell wall organization 
390 486 CAGL0G01320gΔ::NAT1 MSG5 YNL053W Signal transduction 
391 487 CAGL0D02882gΔ::NAT1 SSK1 YLR006C Signal transduction 
392 488 CAGL0D06512gΔ::NAT1 CDC25 YLR310C Other 
393 489 CAGL0L03520gΔ::NAT1 BCK1 YJL095W Signal transduction 
394 490 CAGL0L03520gΔ::NAT1 BCK1 YJL095W Signal transduction 
395 491 CAGL0L03520gΔ::NAT1 BCK1 YJL095W Signal transduction 
396 492 CAGL0L03520gΔ::NAT1 BCK1 YJL095W Signal transduction 
397 493 CAGL0J08206gΔ::NAT1 BNI1 YNL271C Other 
398 494 CAGL0J08206gΔ::NAT1 BNI1 YNL271C Other 
399 495 CAGL0J08206gΔ::NAT1 BNI1 YNL271C Other 
400 496 CAGL0J08613gΔ::NAT1 YVC1 YOR087W Other 
401 497 CAGL0J08613gΔ::NAT1 YVC1 YOR087W Other 
402 498 CAGL0J08613gΔ::NAT1 YVC1 YOR087W Other 
403 499 CAGL0K05423gΔ::NAT1 TIP41 YPR040W Signal transduction 
404 500 CAGL0K05423gΔ::NAT1 TIP41 YPR040W Signal transduction 
405 501 CAGL0K05423gΔ::NAT1 TIP41 YPR040W Signal transduction 
406 502 CAGL0G04125gΔ::NAT1 SAG1 YJR004C Cell wall organization 
407 503 CAGL0G04125gΔ::NAT1 SAG1 YJR004C Cell wall organization 
408 504 CAGL0G04125gΔ::NAT1 SAG1 YJR004C Cell wall organization 
409 505 CAGL0M13827gΔ::NAT1 FKS3 YMR306W Cell wall organization 
410 506 CAGL0M13827gΔ::NAT1 FKS3 YMR306W Cell wall organization 
411 507 CAGL0M13827gΔ::NAT1 FKS3 YMR306W Cell wall organization 
412 508 CAGL0G02497gΔ::NAT1 MLP1 YKR095W Other 
413 509 CAGL0G02497gΔ::NAT1 MLP1 YKR095W Other 
414 510 CAGL0B04389gΔ::NAT1 CHS3 YBR023C Cell wall organization 
415 511 CAGL0B04389gΔ::NAT1 CHS3 YBR023C Cell wall organization 
416 512 CAGL0B04389gΔ::NAT1 CHS3 YBR023C Cell wall organization 
417 519 CAGL0J00539gΔ::NAT1 SLT2 YHR030C Signal transduction 
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418 520 CAGL0J00539gΔ::NAT1 SLT2 YHR030C Signal transduction 
419 521 CAGL0J00539gΔ::NAT1 SLT2 YHR030C Signal transduction 
420 522 CAGL0J00539gΔ::NAT1 SLT2 YHR030C Signal transduction 
421 523 CAGL0G04873gΔ::NAT1 ROM2 YLR371W Signal transduction 
422 524 CAGL0K04037gΔ::NAT1 GSC2 YGR032W Cell wall organization 
423 525 CAGL0K04037gΔ::NAT1 GSC2 YGR032W Cell wall organization 
424 526 CAGL0K04037gΔ::NAT1 GSC2 YGR032W Cell wall organization 
425 527 CAGL0F07865gΔ::NAT1 UPC2 YDR213W Transcriptional regulation 
426 528 CAGL0F07865gΔ::NAT1 UPC2 YDR213W Transcriptional regulation 
427 529 CAGL0D06204gΔ::NAT1 RIM8 YGL045W Other 
428 530 CAGL0F02079gΔ::NAT1 SMC1 YFL008W Other 
429 531 CAGL0E03355gΔ::NAT1 BPT1 YLL015W Transport 
430 532 CAGL0I08195gΔ::NAT1 GPA2 YER020W Signal transduction 
431 533 CAGL0I08195gΔ::NAT1 GPA2 YER020W Signal transduction 
432 534 CAGL0I08195gΔ::NAT1 GPA2 YER020W Signal transduction 
433 535 CAGL0I08195gΔ::NAT1 GPA2 YER020W Signal transduction 
434 536 CAGL0J11748gΔ::NAT1 PLB2 YMR006C Cell wall organization 
435 537 CAGL0J11748gΔ::NAT1 PLB2 YMR006C Cell wall organization 
436 538 CAGL0J11748gΔ::NAT1 PLB2 YMR006C Cell wall organization 
437 539 CAGL0K01507gΔ::NAT1 GPR1 YDL035C Signal transduction 
438 540 CAGL0K01507gΔ::NAT1 GPR1 YDL035C Signal transduction 
439 541 CAGL0K12078gΔ::NAT1 NRG1 YDR043C Transcriptional regulation 
440 542 CAGL0K12078gΔ::NAT1 NRG1 YDR043C Transcriptional regulation 
441 543 CAGL0K12078gΔ::NAT1 NRG1 YDR043C Transcriptional regulation 
442 544 CAGL0K12562gΔ::NAT1 RIM15 YFL033C Signal transduction 
443 545 CAGL0K12562gΔ::NAT1 RIM15 YFL033C Signal transduction 
444 546 CAGL0K12562gΔ::NAT1 RIM15 YFL033C Signal transduction 
445 547 CAGL0K12562gΔ::NAT1 RIM15 YFL033C Signal transduction 
446 548 CAGL0L01903gΔ::NAT1 RGT1 YKL038W Transcriptional regulation 
447 549 CAGL0M03597gΔ::NAT1 MID1 YNL291C Transport 
448 550 CAGL0M13739gΔ::NAT1 ATM1 YMR301C Transport 
449 551 CAGL0B04521gΔ::NAT1 RAS1 YOR101W Other 
450 552 CAGL0C01463gΔ::NAT1 TCO89 YPL180W Cell wall organization 
451 553 CAGL0C01463gΔ::NAT1 TCO89 YPL180W Cell wall organization 
452 554 CAGL0C02343gΔ::NAT1 ARB1 YER036C Other 
453 555 CAGL0C02343gΔ::NAT1 ARB1 YER036C Other 
454 556 CAGL0C02343gΔ::NAT1 ARB1 YER036C Other 
455 557 CAGL0D02530gΔ::NAT1 EGT2 YNL327W Cell wall organization 
456 558 CAGL0D02530gΔ::NAT1 EGT2 YNL327W Cell wall organization 
457 559 CAGL0E03762gΔ::NAT1 RIM101 YHL027W Transcriptional regulation 
458 560 CAGL0E03762gΔ::NAT1 RIM101 YHL027W Transcriptional regulation 
459 561 CAGL0F03025gΔ::NAT1 ARO80 YDR421W Transcriptional regulation 
460 562 CAGL0G02827gΔ::NAT1 SLM1 YIL105C Signal transduction 
461 563 CAGL0G02827gΔ::NAT1 SLM1 YIL105C Signal transduction 
462 564 CAGL0H00396gΔ::NAT1 LEU3 YLR451W Transcriptional regulation 
463 567 CAGL0M08756gΔ::NAT1 EXG2 YDR261C Cell wall organization 
464 568 CAGL0M08756gΔ::NAT1 EXG2 YDR261C Cell wall organization 
465 569 CAGL0D05434gΔ::NAT1 ROX1 YPR065W Transcriptional regulation 
466 570 CAGL0D05434gΔ::NAT1 ROX1 YPR065W Transcriptional regulation 
467 571 CAGL0D05434gΔ::NAT1 ROX1 YPR065W Transcriptional regulation 
468 572 CAGL0K05841gΔ::NAT1 HAP1 YLR256W Transcriptional regulation 
469 573 CAGL0K05841gΔ::NAT1 HAP1 YLR256W Transcriptional regulation 
470 574 CAGL0K03003gΔ::NAT1 MOT3 YMR070W Transcriptional regulation 
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471 575 CAGL0K03003gΔ::NAT1 MOT3 YMR070W Transcriptional regulation 
472 576 CAGL0K03003gΔ::NAT1 MOT3 YMR070W Transcriptional regulation 
473 577 CAGL0B01441gΔ::NAT1 RPD3 YNL330C Chromatin 
474 578 CAGL0B01441gΔ::NAT1 RPD3 YNL330C Chromatin 
475 579 CAGL0L00583gΔ::NAT1   YPL230W Transcriptional regulation 
476 580 CAGL0L00583gΔ::NAT1   YPL230W Transcriptional regulation 
477 581 CAGL0L00583gΔ::NAT1   YPL230W Transcriptional regulation 
478 582 CAGL0E01859gΔ::NAT1 YPS1 YLR120C Cell wall organization 
479 583 CAGL0E01859gΔ::NAT1 YPS1 YLR120C Cell wall organization 
480 584 CAGL0E01859gΔ::NAT1 YPS1 YLR120C Cell wall organization 
481 585 CAGL0L06424gΔ::NAT1   YDR134C Cell wall organization 
482 586 CAGL0L06424gΔ::NAT1   YDR134C Cell wall organization 
483 587 CAGL0E02321gΔ::NAT1 PLB3 YOL011W Cell wall organization 
484 588 CAGL0E02321gΔ::NAT1 PLB3 YOL011W Cell wall organization 
485 589 CAGL0E02321gΔ::NAT1 PLB3 YOL011W Cell wall organization 
486 590 CAGL0E01419gΔ::NAT1 YPS3 YLR121C Cell wall organization 
487 591 CAGL0E01419gΔ::NAT1 YPS3 YLR121C Cell wall organization 
488 592 CAGL0E01419gΔ::NAT1 YPS3 YLR121C Cell wall organization 
489 593 CAGL0J08712gΔ::NAT1 FUN26 YAL022C Transport 
490 594 CAGL0J08712gΔ::NAT1 FUN26 YAL022C Transport 
491 595 CAGL0J08712gΔ::NAT1 FUN26 YAL022C Transport 
492 596 CAGL0M08250gΔ::NAT1 ZRT3 YKL175W Transport 
493 597 CAGL0M08250gΔ::NAT1 ZRT3 YKL175W Transport 
494 598 CAGL0M08250gΔ::NAT1 ZRT3 YKL175W Transport 
495 599 CAGL0C00693gΔ::NAT1 CCC1 YLR220W Transport 
496 600 CAGL0C00693gΔ::NAT1 CCC1 YLR220W Transport 
497 601 CAGL0M05533gΔ::NAT1 DUR1,2 YBR208C Other 
498 602 CAGL0M05533gΔ::NAT1 DUR1,2 YBR208C Other 
499 603 CAGL0M05533gΔ::NAT1 DUR1,2 YBR208C Other 
500 604 CAGL0L11110gΔ::NAT1 CNA1 YLR433C Signal transduction 
501 605 CAGL0L11110gΔ::NAT1 CNA1 YLR433C Signal transduction 
502 606 CAGL0F09097gΔ::NAT1 SKN7 YHR206W Transcriptional regulation 
503 607 CAGL0F09097gΔ::NAT1 SKN7 YHR206W Transcriptional regulation 
504 608 CAGL0F09097gΔ::NAT1 SKN7 YHR206W Transcriptional regulation 
505 609 CAGL0A01452gΔ::NAT1 CWH41 YGL027C Cell wall organization 
506 610 CAGL0A01452gΔ::NAT1 CWH41 YGL027C Cell wall organization 
507 611 CAGL0A01452gΔ::NAT1 CWH41 YGL027C Cell wall organization 
508 612 CAGL0A01584gΔ::NAT1 AGA2 YGL032C Other 
509 613 CAGL0A01584gΔ::NAT1 AGA2 YGL032C Other 
510 614 CAGL0A01584gΔ::NAT1 AGA2 YGL032C Other 
511 615 CAGL0A02486gΔ::NAT1 SBE2 YDR351W Cell wall organization 
512 616 CAGL0A02486gΔ::NAT1 SBE2 YDR351W Cell wall organization 
513 617 CAGL0A02486gΔ::NAT1 SBE2 YDR351W Cell wall organization 
514 618 CAGL0A04411gΔ::NAT1 SKT5 YBL061C Other 
515 619 CAGL0A04411gΔ::NAT1 SKT5 YBL061C Other 
516 620 CAGL0A04411gΔ::NAT1 SKT5 YBL061C Other 
517 621 CAGL0B00528gΔ::NAT1 LRE1 YCL051W Cell wall organization 
518 622 CAGL0B00528gΔ::NAT1 LRE1 YCL051W Cell wall organization 
519 623 CAGL0B00528gΔ::NAT1 LRE1 YCL051W Cell wall organization 
520 624 CAGL0B01969gΔ::NAT1 ECM18 YDR125C Other 
521 625 CAGL0B01969gΔ::NAT1 ECM18 YDR125C Other 
522 626 CAGL0B01969gΔ::NAT1 ECM18 YDR125C Other 
523 627 CAGL0B04389gΔ::NAT1 CHS3 YBR023C Cell wall organization 
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524 628 CAGL0B04389gΔ::NAT1 CHS3 YBR023C Cell wall organization 
525 629 CAGL0B04389gΔ::NAT1 CHS3 YBR023C Cell wall organization 
526 630 CAGL0B04565gΔ::NAT1 KTR1 YOR099W Cell wall organization 
527 631 CAGL0B04565gΔ::NAT1 KTR1 YOR099W Cell wall organization 
528 632 CAGL0B04565gΔ::NAT1 KTR1 YOR099W Cell wall organization 
529 633 CAGL0B04631gΔ::NAT1 INP53 YOR109W Signal transduction 
530 634 CAGL0B04631gΔ::NAT1 INP53 YOR109W Signal transduction 
531 635 CAGL0C05599gΔ::NAT1 LRG1 YDL240W Signal transduction 
532 636 CAGL0C05599gΔ::NAT1 LRG1 YDL240W Signal transduction 
533 637 CAGL0D00220gΔ::NAT1 ECM1 YAL059W Cell wall organization 
534 638 CAGL0D00220gΔ::NAT1 ECM1 YAL059W Cell wall organization 
535 639 CAGL0D00220gΔ::NAT1 ECM1 YAL059W Cell wall organization 
536 640 CAGL0D01034gΔ::NAT1 PSA1 YDL055C Cell wall organization 
537 641 CAGL0D01034gΔ::NAT1 PSA1 YDL055C Cell wall organization 
538 642 CAGL0D03256gΔ::NAT1 YEH2 YLR020C Cell wall organization 
539 643 CAGL0D03256gΔ::NAT1 YEH2 YLR020C Cell wall organization 
540 644 CAGL0D03256gΔ::NAT1 YEH2 YLR020C Cell wall organization 
541 645 CAGL0D06622gΔ::NAT1 SPA2 YLL021W Other 
542 646 CAGL0D06622gΔ::NAT1 SPA2 YLL021W Other 
543 647 CAGL0D06622gΔ::NAT1 SPA2 YLL021W Other 
544 648 CAGL0E01353gΔ::NAT1 ZRT2 YLR130C Transport 
545 649 CAGL0E01353gΔ::NAT1 ZRT2 YLR130C Transport 
546 650 CAGL0E01353gΔ::NAT1 ZRT2 YLR130C Transport 
547 651 CAGL0E02783gΔ::NAT1 SLA1 YBL007C Cell wall organization 
548 652 CAGL0E02783gΔ::NAT1 SLA1 YBL007C Cell wall organization 
549 653 CAGL0E02783gΔ::NAT1 SLA1 YBL007C Cell wall organization 
550 654 CAGL0E02915gΔ::NAT1 SCW11 YGL028C Cell wall organization 
551 655 CAGL0E02915gΔ::NAT1 SCW11 YGL028C Cell wall organization 
552 656 CAGL0E02915gΔ::NAT1 SCW11 YGL028C Cell wall organization 
553 657 CAGL0F02453gΔ::NAT1 ECM25 YJL201W Other 
554 658 CAGL0F02453gΔ::NAT1 ECM25 YJL201W Other 
555 659 CAGL0F02453gΔ::NAT1 ECM25 YJL201W Other 
556 660 CAGL0F03003gΔ::NAT1 HKR1 YDR420W Cell wall organization 
557 661 CAGL0F03003gΔ::NAT1 HKR1 YDR420W Cell wall organization 
558 662 CAGL0F03003gΔ::NAT1 HKR1 YDR420W Cell wall organization 
559 663 CAGL0F04521gΔ::NAT1 ECM13 YBL043W Cell wall organization 
560 664 CAGL0F04521gΔ::NAT1 ECM13 YBL043W Cell wall organization 
561 665 CAGL0F04521gΔ::NAT1 ECM13 YBL043W Cell wall organization 
562 666 CAGL0F04873gΔ::NAT1 KRE6 YPR159W Cell wall organization 
563 667 CAGL0F04873gΔ::NAT1 KRE6 YPR159W Cell wall organization 
564 668 CAGL0F04873gΔ::NAT1 KRE6 YPR159W Cell wall organization 
565 669 CAGL0F06501gΔ::NAT1 ECM40 YMR062C Cell wall organization 
566 670 CAGL0F06501gΔ::NAT1 ECM40 YMR062C Cell wall organization 
567 671 CAGL0F06501gΔ::NAT1 ECM40 YMR062C Cell wall organization 
568 672 CAGL0G00814gΔ::NAT1 CHS5 YLR330W Vacuole, Golgi 
569 673 CAGL0G00814gΔ::NAT1 CHS5 YLR330W Vacuole, Golgi 
570 674 CAGL0G02101gΔ::NAT1 ECM4 YKR076W Other 
571 675 CAGL0G02101gΔ::NAT1 ECM4 YKR076W Other 
572 676 CAGL0G02101gΔ::NAT1 ECM4 YKR076W Other 
573 677 CAGL0G02343gΔ::NAT1 TVP38 YKR088C Vacuole, Golgi 
574 678 CAGL0G02343gΔ::NAT1 TVP38 YKR088C Vacuole, Golgi 
575 679 CAGL0G02343gΔ::NAT1 TVP38 YKR088C Vacuole, Golgi 
576 680 CAGL0G05566gΔ::NAT1 FMP45 YDL222C Cell wall organization 
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577 681 CAGL0G05566gΔ::NAT1 FMP45 YDL222C Cell wall organization 
578 682 CAGL0G05566gΔ::NAT1 FMP45 YDL222C Cell wall organization 
579 683 CAGL0G05918gΔ::NAT1 CHS7 YHR142W Other 
580 684 CAGL0G05918gΔ::NAT1 CHS7 YHR142W Other 
581 685 CAGL0G05918gΔ::NAT1 CHS7 YHR142W Other 
582 686 CAGL0G05918gΔ::NAT1 CHS7 YHR142W Other 
583 687 CAGL0G05918gΔ::NAT1 CHS7 YHR142W Other 
584 688 CAGL0G05918gΔ::NAT1 CHS7 YHR142W Other 
585 689 CAGL0G06754gΔ::NAT1 CDC10 YCR002C Cell wall organization 
586 690 CAGL0G06754gΔ::NAT1 CDC10 YCR002C Cell wall organization 
587 691 CAGL0G06754gΔ::NAT1 CDC10 YCR002C Cell wall organization 
588 692 CAGL0H00847gΔ::NAT1 HUT1 YPL244C Transport 
589 693 CAGL0H00847gΔ::NAT1 HUT1 YPL244C Transport 
590 694 CAGL0H01287gΔ::NAT1 SSD1 YDR293C Cell wall organization 
591 695 CAGL0H01287gΔ::NAT1 SSD1 YDR293C Cell wall organization 
592 696 CAGL0H01287gΔ::NAT1 SSD1 YDR293C Cell wall organization 
593 697 CAGL0H05005gΔ::NAT1 CSR1 YLR380W Transport 
594 698 CAGL0H05005gΔ::NAT1 CSR1 YLR380W Transport 
595 699 CAGL0H05005gΔ::NAT1 CSR1 YLR380W Transport 
596 700 CAGL0H06435gΔ::NAT1 ECM19 YLR390W Cell wall organization 
597 701 CAGL0H06435gΔ::NAT1 ECM19 YLR390W Cell wall organization 
598 702 CAGL0H06435gΔ::NAT1 ECM19 YLR390W Cell wall organization 
599 703 CAGL0H06545gΔ::NAT1 ECM37 YIL146C Cell wall organization 
600 704 CAGL0H06545gΔ::NAT1 ECM37 YIL146C Cell wall organization 
601 705 CAGL0H07403gΔ::NAT1 KRE2 YDR483W Cell wall organization 
602 706 CAGL0H07403gΔ::NAT1 KRE2 YDR483W Cell wall organization 
603 707 CAGL0M07381gΔ::NAT1 KTR6 YPL053C Cell wall organization 
604 708 CAGL0M07381gΔ::NAT1 KTR6 YPL053C Cell wall organization 
605 709 CAGL0M07381gΔ::NAT1 KTR6 YPL053C Cell wall organization 
606 710 CAGL0I00484gΔ::NAT1 EXG1 YLR300W Cell wall organization 
607 711 CAGL0I00484gΔ::NAT1 EXG1 YLR300W Cell wall organization 
608 712 CAGL0I00484gΔ::NAT1 EXG1 YLR300W Cell wall organization 
609 713 CAGL0I01188gΔ::NAT1 CDC12 YHR107C Signal transduction 
610 714 CAGL0I01188gΔ::NAT1 CDC12 YHR107C Signal transduction 
611 715 CAGL0I01188gΔ::NAT1 CDC12 YHR107C Signal transduction 
612 716 CAGL0I06160gΔ::NAT1 CIS3 YJL158C Cell wall organization 
613 717 CAGL0I06160gΔ::NAT1 CIS3 YJL158C Cell wall organization 
614 718 CAGL0I06160gΔ::NAT1 CIS3 YJL158C Cell wall organization 
615 719 CAGL0I06182gΔ::NAT1 PIR1 YKL164C Cell wall organization 
616 720 CAGL0I06182gΔ::NAT1 PIR1 YKL164C Cell wall organization 
617 721 CAGL0I06182gΔ::NAT1 PIR1 YKL164C Cell wall organization 
618 722 CAGL0G04609gΔ::NAT1 PKH2 YOL100W Signal transduction 
619 723 CAGL0G04609gΔ::NAT1 PKH2 YOL100W Signal transduction 
620 724 CAGL0G04609gΔ::NAT1 PKH2 YOL100W Signal transduction 
621 725 CAGL0I08855gΔ::NAT1 KRE11 YGR166W Vacuole, Golgi 
622 726 CAGL0I08855gΔ::NAT1 KRE11 YGR166W Vacuole, Golgi 
623 727 CAGL0I08855gΔ::NAT1 KRE11 YGR166W Vacuole, Golgi 
624 728 CAGL0J00253gΔ::NAT1 MTL1 YGR023W Signal transduction 
625 729 CAGL0J00253gΔ::NAT1 MTL1 YGR023W Signal transduction 
626 730 CAGL0J00253gΔ::NAT1 MTL1 YGR023W Signal transduction 
627 731 CAGL0J00803gΔ::NAT1 MHP1 YJL042W Other 
628 732 CAGL0J00803gΔ::NAT1 MHP1 YJL042W Other 
629 733 CAGL0J02134gΔ::NAT1 INP51 YIL002C Signal transduction 
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630 734 CAGL0J00803gΔ::NAT1 MHP1 YJL042W Other 
631 735 CAGL0J03366gΔ::NAT1 RMD7 YER083C Vacuole, Golgi 
632 736 CAGL0J03366gΔ::NAT1 RMD7 YER083C Vacuole, Golgi 
633 737 CAGL0J03366gΔ::NAT1 RMD7 YER083C Vacuole, Golgi 
634 738 CAGL0K05841gΔ::NAT1 HAP1 YLR256W Transcriptional regulation 
635 742 CAGL0G06072gΔ::NAT1 ECM14 YHR132C Cell wall organization 
636 743 CAGL0E02761gΔ::NAT1 LDB7 YBL006C Chromatin 
637 744 CAGL0E02761gΔ::NAT1 LDB7 YBL006C Chromatin 
638 745 CAGL0E02761gΔ::NAT1 LDB7 YBL006C Chromatin 
639 746 CAGL0D06446gΔ::NAT1 STT4 YLR305C Signal transduction 
640 747 CAGL0D06446gΔ::NAT1 STT4 YLR305C Signal transduction 
641 748 CAGL0E03718gΔ::NAT1 SNF6 YHL025W Chromatin 
642 749 CAGL0E03718gΔ::NAT1 SNF6 YHL025W Chromatin 
643 750 CAGL0I07513gΔ::NAT1 PKH2 YOL100W Cell wall organization 
644 751 CAGL0I07513gΔ::NAT1 PKH2 YOL100W Cell wall organization 
645 752 CAGL0I07513gΔ::NAT1 PKH2 YOL100W Cell wall organization 
646 753 CAGL0K11231gΔ::NAT1 MNN10 YDR245W Cell wall organization 
647 754 CAGL0K11231gΔ::NAT1 MNN10 YDR245W Cell wall organization 
648 755 CAGL0K11231gΔ::NAT1 MNN10 YDR245W Cell wall organization 
649 756 CAGL0L03696gΔ::NAT1 ECM3 YOR092W Cell wall organization 
650 757 CAGL0L03696gΔ::NAT1 ECM3 YOR092W Cell wall organization 
651 758 CAGL0L07854gΔ::NAT1 CWH43 YCR017C Cell wall organization 
652 759 CAGL0L07854gΔ::NAT1 CWH43 YCR017C Cell wall organization 
653 760 CAGL0L08140gΔ::NAT1 BPH1 YCR032W Cell wall organization 
654 761 CAGL0L08140gΔ::NAT1 BPH1 YCR032W Cell wall organization 
655 762 CAGL0L08140gΔ::NAT1 BPH1 YCR032W Cell wall organization 
656 763 CAGL0L11880gΔ::NAT1 RPH1 YER169W Transcriptional regulation 
657 764 CAGL0M01628gΔ::NAT1 SAC7 YDR389W Other 
658 765 CAGL0M03157gΔ::NAT1 TAX4 YJL083W Chromatin 
659 766 CAGL0M03157gΔ::NAT1 TAX4 YJL083W Chromatin 
660 767 CAGL0M09449gΔ::NAT1 ECM21 YBL101C Cell wall organization 
661 768 CAGL0A01892gΔ::NAT1 DAT1 YML113W Other 
662 769 CAGL0C00781gΔ::NAT1 RDH54 YBR073W Other 
663 770 CAGL0C02915gΔ::NAT1 DAL80 YKR034W Other 
664 771 CAGL0C02915gΔ::NAT1 DAL80 YKR034W Other 
665 772 CAGL0C02915gΔ::NAT1 DAL80 YKR034W Other 
666 773 CAGL0C05401gΔ::NAT1 NMA1 YLR328W Other 
667 774 CAGL0C05401gΔ::NAT1 NMA1 YLR328W Other 
668 775 CAGL0C05401gΔ::NAT1 NMA1 YLR328W Other 
669 776 CAGL0D00396gΔ::NAT1 PSF2 YJL072C Other 
670 777 CAGL0D00396gΔ::NAT1 PSF2 YJL072C Other 
671 778 CAGL0D00396gΔ::NAT1 PSF2 YJL072C Other 
672 779 CAGL0D02750gΔ::NAT1 MYO2 YOR326W Other 
673 780 CAGL0D02750gΔ::NAT1 MYO2 YOR326W Other 
674 781 CAGL0D02750gΔ::NAT1 MYO2 YOR326W Other 
675 782 CAGL0D05104gΔ::NAT1 KAR3 YPR141C Other 
676 783 CAGL0D05104gΔ::NAT1 KAR3 YPR141C Other 
677 784 CAGL0D05104gΔ::NAT1 KAR3 YPR141C Other 
678 785 CAGL0D05654gΔ::NAT1 SDS23 YGL056C Other 
679 786 CAGL0D05654gΔ::NAT1 SDS23 YGL056C Other 
680 787 CAGL0D05654gΔ::NAT1 SDS23 YGL056C Other 
681 788 CAGL0D06534gΔ::NAT1 SRB4 YER022W Other 
682 789 CAGL0D06534gΔ::NAT1 SRB4 YER022W Other 
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683 790 CAGL0D06534gΔ::NAT1 SRB4 YER022W Other 
684 791 CAGL0D06666gΔ::NAT1 TPK2 YPL203W Other 
685 792 CAGL0D06666gΔ::NAT1 TPK2 YPL203W Other 
686 793 CAGL0D06666gΔ::NAT1 TPK2 YPL203W Other 
687 794 CAGL0E00165gΔ::NAT1 CYC2 YOR037W Other 
688 795 CAGL0E01375gΔ::NAT1 MUK1 YPL070W Other 
689 796 CAGL0E01375gΔ::NAT1 MUK1 YPL070W Other 
690 797 CAGL0E01375gΔ::NAT1 MUK1 YPL070W Other 
691 798 CAGL0E02211gΔ::NAT1 CBS2 YDR197W Other 
692 799 CAGL0E02211gΔ::NAT1 CBS2 YDR197W Other 
693 800 CAGL0E02211gΔ::NAT1 CBS2 YDR197W Other 
694 801 CAGL0E03069gΔ::NAT1 HXT8 YJL214W Transcriptional regulation 
695 802 CAGL0E03069gΔ::NAT1 HXT8 YJL214W Transcriptional regulation 
696 803 CAGL0E03069gΔ::NAT1 HXT8 YJL214W Transcriptional regulation 
697 804 CAGL0E03135gΔ::NAT1 MDL2 YPL270W Other 
698 805 CAGL0E03135gΔ::NAT1 MDL2 YPL270W Other 
699 806 CAGL0E03135gΔ::NAT1 MDL2 YPL270W Other 
700 807 CAGL0E03498gΔ::NAT1 SMF1 YOL122C Other 
701 808 CAGL0E03498gΔ::NAT1 SMF1 YOL122C Other 
702 809 CAGL0E03498gΔ::NAT1 SMF1 YOL122C Other 
703 810 CAGL0E04202gΔ::NAT1 RFX1 YLR176C Other 
704 811 CAGL0E04202gΔ::NAT1 RFX1 YLR176C Other 
705 812 CAGL0E04202gΔ::NAT1 RFX1 YLR176C Other 
706 813 CAGL0E06094gΔ::NAT1 FZF1 YGL254W Other 
707 814 CAGL0E06094gΔ::NAT1 FZF1 YGL254W Other 
708 815 CAGL0E06094gΔ::NAT1 FZF1 YGL254W Other 
709 816 CAGL0E06578gΔ::NAT1 MRP13 YGR084C Other 
710 817 CAGL0E06578gΔ::NAT1 MRP13 YGR084C Other 
711 818 CAGL0E06578gΔ::NAT1 MRP13 YGR084C Other 
712 819 CAGL0E06622gΔ::NAT1   YFR042W Other 
713 820 CAGL0E06622gΔ::NAT1   YFR042W Other 
714 821 CAGL0E06622gΔ::NAT1   YFR042W Other 
715 822 CAGL0F00341gΔ::NAT1   YKL105C Transcriptional regulation 
716 823 CAGL0F00341gΔ::NAT1   YKL105C Transcriptional regulation 
717 824 CAGL0F00341gΔ::NAT1   YKL105C Transcriptional regulation 
718 825 CAGL0F00781gΔ::NAT1 PEX2 YJL210W Other 
719 826 CAGL0F00781gΔ::NAT1 PEX2 YJL210W Other 
720 827 CAGL0F00781gΔ::NAT1 PEX2 YJL210W Other 
721 828 CAGL0F01441gΔ::NAT1 NIF3 YGL221C Other 
722 829 CAGL0F01441gΔ::NAT1 NIF3 YGL221C Other 
723 830 CAGL0F01441gΔ::NAT1 NIF3 YGL221C Other 
724 831 CAGL0M05841gΔ::NAT1 KTR2 YKR061W Cell wall organization 
725 832 CAGL0M05841gΔ::NAT1 KTR2 YKR061W Cell wall organization 
726 833 CAGL0M05841gΔ::NAT1 KTR2 YKR061W Cell wall organization 
727 834 CAGL0M08492gΔ::NAT1 PIR1 YKL164C Cell wall organization 
728 835 CAGL0M08492gΔ::NAT1 PIR1 YKL164C Cell wall organization 
729 836 CAGL0M08492gΔ::NAT1 PIR1 YKL164C Cell wall organization 
730 837 CAGL0D04840gΔ::NAT1 PSP1 YDR505C Other 
731 838 CAGL0D04840gΔ::NAT1 PSP1 YDR505C Other 
732 839 CAGL0D04840gΔ::NAT1 PSP1 YDR505C Other 
733 840 CAGL0C00869gΔ::NAT1   YKL161C Other 
734 841 CAGL0C03311gΔ::NAT1 COG1 YGL223C Other 
735 842 CAGL0C03311gΔ::NAT1 COG1 YGL223C Other 
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736 843 CAGL0C03311gΔ::NAT1 COG1 YGL223C Other 
737 844 CAGL0B00572gΔ::NAT1 DSF2 YBR007C Other 
738 845 CAGL0B00572gΔ::NAT1 DSF2 YBR007C Other 
739 846 CAGL0M00748gΔ::NAT1 ECM7 YLR443W Transport 
740 847 CAGL0M00748gΔ::NAT1 ECM7 YLR443W Transport 
741 848 CAGL0A00143gΔ::NAT1 MPC54 YOR177C Other 
742 849 CAGL0A00143gΔ::NAT1 MPC54 YOR177C Other 
743 850 CAGL0A00143gΔ::NAT1 MPC54 YOR177C Other 
744 851 CAGL0A02299gΔ::NAT1 CTF4 YPR135W Other 
745 852 CAGL0A02299gΔ::NAT1 CTF4 YPR135W Other 
746 853 CAGL0A02299gΔ::NAT1 CTF4 YPR135W Other 
747 854 CAGL0A03410gΔ::NAT1 MLH1 YMR167W Other 
748 855 CAGL0A03410gΔ::NAT1 MLH1 YMR167W Other 
749 856 CAGL0A04609gΔ::NAT1 LST4 YKL176C Other 
750 857 CAGL0A04609gΔ::NAT1 LST4 YKL176C Other 
751 858 CAGL0A04609gΔ::NAT1 LST4 YKL176C Other 
752 859 CAGL0A04763gΔ::NAT1 FRE7 YOL152W Other 
753 860 CAGL0A04763gΔ::NAT1 FRE7 YOL152W Other 
754 861 CAGL0A04763gΔ::NAT1 FRE7 YOL152W Other 
755 862 CAGL0B03223gΔ::NAT1   YOR287C Other 
756 863 CAGL0B03223gΔ::NAT1   YOR287C Other 
757 864 CAGL0B03223gΔ::NAT1   YOR287C Other 
758 865 CAGL0C00803gΔ::NAT1 MET31 YPL038W Other 
759 866 CAGL0C00803gΔ::NAT1 MET31 YPL038W Other 
760 867 CAGL0C00803gΔ::NAT1 MET31 YPL038W Other 
761 868 CAGL0C01111gΔ::NAT1 PPZ1 YML016C Other 
762 869 CAGL0C02365gΔ::NAT1 MET4 YNL103W Other 
763 870 CAGL0C02365gΔ::NAT1 MET4 YNL103W Other 
764 871 CAGL0C02365gΔ::NAT1 MET4 YNL103W Other 
765 872 CAGL0J09416gΔ::NAT1 SNA4 YDL123W Vacuole, Golgi 
766 873 CAGL0J09416gΔ::NAT1 SNA4 YDL123W Vacuole, Golgi 
767 874 CAGL0J09416gΔ::NAT1 SNA4 YDL123W Vacuole, Golgi 
768 875 CAGL0K02277gΔ::NAT1 DSE1 YER124C Cell wall organization 
769 876 CAGL0K04455gΔ::NAT1 SPR3 YGR059W Cell wall organization 
770 877 CAGL0K04455gΔ::NAT1 SPR3 YGR059W Cell wall organization 
771 878 CAGL0K04455gΔ::NAT1 SPR3 YGR059W Cell wall organization 
772 879 CAGL0K06127gΔ::NAT1 ECM11 YDR446W Cell wall organization 
773 880 CAGL0K06127gΔ::NAT1 ECM11 YDR446W Cell wall organization 
774 881 CAGL0J05236gΔ::NAT1 LAS21 YJL062W Cell wall organization 
775 882 CAGL0A01892gΔ::NAT1 DAT1 YML113W Other 
776 883 CAGL0A01892gΔ::NAT1 DAT1 YML113W Other 
777 884 CAGL0B00572gΔ::NAT1 DSF2 YBR007C Other 
778 885 CAGL0B00572gΔ::NAT1 DSF2 YBR007C Other 
779 886 CAGL0B03223gΔ::NAT1   YOR287C Other 
780 887 CAGL0J06072gΔ::NAT1 CBK1 YNL161W Cell wall organization 
781 888 CAGL0J06072gΔ::NAT1 CBK1 YNL161W Cell wall organization 
782 889 CAGL0K06963gΔ::NAT1 ROT2 YBR229C Cell wall organization 
783 890 CAGL0L03608gΔ::NAT1 FMP50 YKR027W Vacuole, Golgi 
784 891 CAGL0J07656gΔ::NAT1 SLA2 YNL243W Other 
785 892 CAGL0J07656gΔ::NAT1 SLA2 YNL243W Other 
786 893 CAGL0J07656gΔ::NAT1 SLA2 YNL243W Other 
787 894 CAGL0K06963gΔ::NAT1 ROT2 YBR229C Cell wall organization 
788 895 CAGL0K06963gΔ::NAT1 ROT2 YBR229C Cell wall organization 
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789 896 CAGL0K06963gΔ::NAT1 ROT2 YBR229C Cell wall organization 
790 897 CAGL0K08228gΔ::NAT1   YKR051W Other 
791 898 CAGL0K08228gΔ::NAT1   YKR051W Other 
792 899 CAGL0K08228gΔ::NAT1   YKR051W Other 
793 902 CAGL0J05236gΔ::NAT1 LAS21 YJL062W Cell wall organization 
794 903 CAGL0J05236gΔ::NAT1 LAS21 YJL062W Cell wall organization 
795 904 CAGL0J05236gΔ::NAT1 LAS21 YJL062W Cell wall organization 
796 905 CAGL0J08910gΔ::NAT1 CRR1 YLR213C Cell wall organization 
797 906 CAGL0J08910gΔ::NAT1 CRR1 YLR213C Cell wall organization 
798 907 CAGL0J08910gΔ::NAT1 CRR1 YLR213C Cell wall organization 
799 908 CAGL0K02277gΔ::NAT1 DSE1 YER124C Cell wall organization 
800 909 CAGL0K02277gΔ::NAT1 DSE1 YER124C Cell wall organization 
801 910 CAGL0K02277gΔ::NAT1 DSE1 YER124C Cell wall organization 
802 911 CAGL0L11528gΔ::NAT1 BIG1 YHR101C Cell wall organization 
803 912 CAGL0L11528gΔ::NAT1 BIG1 YHR101C Cell wall organization 
804 913 CAGL0L11572gΔ::NAT1 SBE22 YHR103W Cell wall organization 
805 914 CAGL0M05489gΔ::NAT1 KTR3 YBR205W Cell wall organization 
806 915 CAGL0M13805gΔ::NAT1 SCW4 YGR279C Other 
807 916 CAGL0M13805gΔ::NAT1 SCW4 YGR279C Other 
808 917 CAGL0M13805gΔ::NAT1 SCW4 YGR279C Other 
809 918 CAGL0C00869gΔ::NAT1   YKL161C Other 
810 919 CAGL0D05654gΔ::NAT1 SDS23 YGL056C Other 
811 922 CAGL0M09449gΔ::NAT1 ECM21 YBL101C Cell wall organization 
812 923 CAGL0C01111gΔ::NAT1 PPZ1 YML016C Other 
813 924 CAGL0A00583gΔ::NAT1 PDR8 YLR266C Transcriptional regulation 
814 927 CAGL0B00440gΔ::NAT1 UTP14 YML093W Other 
815 930 CAGL0B02651gΔ::NAT1 MET32 YDR253C Transcriptional regulation 
816 931 CAGL0B02651gΔ::NAT1 MET32 YDR253C Transcriptional regulation 
817 932 CAGL0B03355gΔ::NAT1 DPB3 YBR278W Transcriptional regulation 
818 933 CAGL0B03355gΔ::NAT1 DPB3 YBR278W Transcriptional regulation 
819 934 CAGL0B03355gΔ::NAT1 DPB3 YBR278W Transcriptional regulation 
820 935 CAGL0C00583gΔ::NAT1 SHE3 YBR130C Transcriptional regulation 
821 936 CAGL0C00583gΔ::NAT1 SHE3 YBR130C Transcriptional regulation 
822 937 CAGL0C00583gΔ::NAT1 SHE3 YBR130C Transcriptional regulation 
823 938 CAGL0C02739gΔ::NAT1 FUN14 YAL008W Other 
824 941 CAGL0D01210gΔ::NAT1 ROK1 YGL171W Other 
825 942 CAGL0D01210gΔ::NAT1 ROK1 YGL171W Other 
826 943 CAGL0D01210gΔ::NAT1 ROK1 YGL171W Other 
827 944 CAGL0F00209gΔ::NAT1 SEO1 YAL067C Other 
828 945 CAGL0F03619gΔ::NAT1 NIP100 YPL174C Other 
829 946 CAGL0F06787gΔ::NAT1 MND2 YIR025W Other 
830 947 CAGL0F06787gΔ::NAT1 MND2 YIR025W Other 
831 952 CAGL0H06347gΔ::NAT1 DEP1 YAL013W Transcriptional regulation 
832 954 CAGL0I03432gΔ::NAT1   YDL160C-A Transcriptional regulation 
833 957 CAGL0I10769gΔ::NAT1 MCM1a YMR043W Transcriptional regulation 
834 958 CAGL0I10769gΔ::NAT1 MCM1a YMR043W Transcriptional regulation 
835 959 CAGL0J06490gΔ::NAT1 CUE1 YMR264W Other 
836 960 CAGL0J06490gΔ::NAT1 CUE1 YMR264W Other 
837 962 CAGL0J10582gΔ::NAT1 PSP2 YML017W Other 
838 963 CAGL0J10582gΔ::NAT1 PSP2 YML017W Other 
839 964 CAGL0J10582gΔ::NAT1 PSP2 YML017W Other 
840 965 CAGL0K08690gΔ::NAT1   YOL036W Other 
841 966 CAGL0K08690gΔ::NAT1   YOL036W Other 
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842 968 CAGL0K12320gΔ::NAT1   YBR108W Other 
843 969 CAGL0L06226gΔ::NAT1 HEK2 YBL032W Chromatin 
844 970 CAGL0K12320gΔ::NAT1   YBR108W Other 
845 971 CAGL0K12320gΔ::NAT1   YBR108W Other 
846 972 CAGL0M08778gΔ::NAT1 SWM1 YDR260C Chromatin 
847 973 CAGL0M08778gΔ::NAT1 SWM1 YDR260C Chromatin 
848 974 CAGL0M08778gΔ::NAT1 SWM1 YDR260C Chromatin 
849 975 CAGL0M12507gΔ::NAT1   YIL056W Other 
850 976 CAGL0M12507gΔ::NAT1   YIL056W Other 
851 978 CAGL0J04312gΔ::NAT1 PEP1 YBL017C Vacuole, Golgi 
852 980 CAGL0G02717gΔ::NAT1 SGA1 YIL099W Vacuole, Golgi 
853 984 CAGL0J02288gΔ::NAT1 BAR1 YIL015W Signal transduction 
854 985 CAGL0J02288gΔ::NAT1 BAR1 YIL015W Signal transduction 
855 987 CAGL0A02431gΔ::NAT1 YPS7 YDR349C Cell wall organization 
856 988 CAGL0A02431gΔ::NAT1 YPS7 YDR349C Cell wall organization 
857 989 CAGL0A02431gΔ::NAT1 YPS7 YDR349C Cell wall organization 
858 990 CAGL0E06556gΔ::NAT1 ISC1 YER019W Cell wall organization 
859 991 CAGL0E06556gΔ::NAT1 ISC1 YER019W Cell wall organization 
860 992 CAGL0E06556gΔ::NAT1 ISC1 YER019W Cell wall organization 
861 996 CAGL0H03575gΔ::NAT1 SPO1 YNL012W Other 
862 997 CAGL0L03135gΔ::NAT1 SPO14 YKR031C Other 
863 998 CAGL0L03135gΔ::NAT1 SPO14 YKR031C Other 
864 1000 CAGL0E04510gΔ::NAT1   YOR022C Other 
865 1001 CAGL0E04510gΔ::NAT1   YOR022C Other 
866 1003 CAGL0G03267gΔ::NAT1 AST1 YBL069W Other 
867 1004 CAGL0G03267gΔ::NAT1 AST1 YBL069W Other 
868 1005 CAGL0G09999gΔ::NAT1 ATG13 YPR185W Signal transduction 
869 1006 CAGL0G09999gΔ::NAT1 ATG13 YPR185W Signal transduction 
870 1008 CAGL0M02431gΔ::NAT1 KES1 YPL145C Other 
871 1011 CAGL0M03707gΔ::NAT1 MON2 YNL297C Vacuole, Golgi 
872 1013 CAGL0I09130gΔ::NAT1 PTR3 YFR029W Other 
873 1014 CAGL0I09130gΔ::NAT1 PTR3 YFR029W Other 
874 1016 CAGL0I06116gΔ::NAT1 SSY5 YJL156C Other 
875 1017 CAGL0K12254gΔ::NAT1 VID24 YBR105C Vacuole, Golgi 
876 1018 CAGL0H03993gΔ::NAT1 CIT1 YNR001C Other 
877 1019 CAGL0H03993gΔ::NAT1 CIT1 YNR001C Other 
878 1020 CAGL0L06798gΔ::NAT1 MDH3 YDL078C Transcriptional regulation 
879 1022 CAGL0J03058gΔ::NAT1 ICL1 YER065C Other 
880 1023 CAGL0J03058gΔ::NAT1 ICL1 YER065C Other 
881 1024 CAGL0J03058gΔ::NAT1 ICL1 YER065C Other 
882 1025 CAGL0F02431gΔ::NAT1   YJL200C Other 
883 1026 CAGL0F02431gΔ::NAT1   YJL200C Other 
884 1027 CAGL0F02431gΔ::NAT1   YJL200C Other 
885 1028 CAGL0D06424gΔ::NAT1 ACO1 YLR304C Other 
886 1029 CAGL0E01705gΔ::NAT1 MDH2 YOL126C Other 
887 1030 CAGL0E01705gΔ::NAT1 MDH2 YOL126C Other 
888 1031 CAGL0F08041gΔ::NAT1 PFK1 YGR240C Other 
889 1032 CAGL0K12254gΔ::NAT1 VID24 YBR105C Vacuole, Golgi 
890 1033 CAGL0K12254gΔ::NAT1 VID24 YBR105C Vacuole, Golgi 
891 1034 CAGL0H06633gΔ::NAT1 PCK1 YKR097W Other 
892 1038 CAGL0H09460gΔ::NAT1 FAA2 YER015W Other 
893 1039 CAGL0H09460gΔ::NAT1 FAA2 YER015W Other 
894 1041 CAGL0H08437gΔ::NAT1 VPS15 YBR097W Vacuole, Golgi 
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895 1044 CAGL0B04147gΔ::NAT1 DBF20 YPR111W Signal transduction 
896 1051 CAGL0G02607gΔ::NAT1 PRK1 YIL095W Signal transduction 
897 1052 CAGL0G02607gΔ::NAT1 PRK1 YIL095W Signal transduction 
898 1053 CAGL0G02607gΔ::NAT1 PRK1 YIL095W Signal transduction 
899 1054 CAGL0K03399gΔ::NAT1 YPK1 YKL126W Signal transduction 
900 1055 CAGL0K03399gΔ::NAT1 YPK1 YKL126W Signal transduction 
901 1056 CAGL0K03399gΔ::NAT1 YPK1 YKL126W Signal transduction 
902 1057 CAGL0F00913gΔ::NAT1 PSK2 YOL045W Signal transduction 
903 1058 CAGL0F00913gΔ::NAT1 PSK2 YOL045W Signal transduction 
904 1059 CAGL0F00913gΔ::NAT1 PSK2 YOL045W Signal transduction 
905 1060 CAGL0D02244gΔ::NAT1 MEK1 YOR351C Signal transduction 
906 1061 CAGL0D02244gΔ::NAT1 MEK1 YOR351C Signal transduction 
907 1062 CAGL0D02244gΔ::NAT1 MEK1 YOR351C Signal transduction 
908 1063 CAGL0K00693gΔ::NAT1 SWE1 YJL187C Signal transduction 
909 1064 CAGL0K00693gΔ::NAT1 SWE1 YJL187C Signal transduction 
910 1065 CAGL0K00693gΔ::NAT1 SWE1 YJL187C Signal transduction 
911 1066 CAGL0D01694gΔ::NAT1 SMK1 YPR054W Signal transduction 
912 1067 CAGL0D01694gΔ::NAT1 SMK1 YPR054W Signal transduction 
913 1068 CAGL0E01683gΔ::NAT1 MCK1 YNL307C Signal transduction 
914 1069 CAGL0E01683gΔ::NAT1 MCK1 YNL307C Signal transduction 
915 1070 CAGL0E01683gΔ::NAT1 MCK1 YNL307C Signal transduction 
916 1071 CAGL0I05192gΔ::NAT1 CKA1 YIL035C Signal transduction 
917 1072 CAGL0I05192gΔ::NAT1 CKA1 YIL035C Signal transduction 
918 1073 CAGL0G02035gΔ::NAT1 CKA2 YOR061W Signal transduction 
919 1074 CAGL0G02035gΔ::NAT1 CKA2 YOR061W Signal transduction 
920 1075 CAGL0G02035gΔ::NAT1 CKA2 YOR061W Signal transduction 
921 1076 CAGL0I00946gΔ::NAT1 CKB2 YOR039W Signal transduction 
922 1077 CAGL0I00946gΔ::NAT1 CKB2 YOR039W Signal transduction 
923 1078 CAGL0I00946gΔ::NAT1 CKB2 YOR039W Signal transduction 
924 1079 CAGL0L07326gΔ::NAT1 DUN1 YDL101C Signal transduction 
925 1080 CAGL0L07326gΔ::NAT1 DUN1 YDL101C Signal transduction 
926 1081 CAGL0K10604gΔ::NAT1 CMK2 YOL016C Signal transduction 
927 1082 CAGL0K10604gΔ::NAT1 CMK2 YOL016C Signal transduction 
928 1083 CAGL0K10604gΔ::NAT1 CMK2 YOL016C Signal transduction 
929 1084 CAGL0F04741gΔ::NAT1 CMK2 YOL016C Signal transduction 
930 1085 CAGL0F04741gΔ::NAT1 CMK2 YOL016C Signal transduction 
931 1086 CAGL0F04741gΔ::NAT1 CMK2 YOL016C Signal transduction 
932 1087 CAGL0E06028gΔ::NAT1 ALG5 YPL227C Cell wall organization 
933 1088 CAGL0E06028gΔ::NAT1 ALG5 YPL227C Cell wall organization 
934 1089 CAGL0E02629gΔ::NAT1 ALG6 YOR002W Cell wall organization 
935 1090 CAGL0E02629gΔ::NAT1 ALG6 YOR002W Cell wall organization 
936 1091 CAGL0E02629gΔ::NAT1 ALG6 YOR002W Cell wall organization 
937 1092 CAGL0J08569gΔ::NAT1 OST3 YOR085W Cell wall organization 
938 1093 CAGL0J08569gΔ::NAT1 OST3 YOR085W Cell wall organization 
939 1094 CAGL0J08569gΔ::NAT1 OST3 YOR085W Cell wall organization 
940 1095 CAGL0G07040gΔ::NAT1 OST6 YML019W Cell wall organization 
941 1096 CAGL0G07040gΔ::NAT1 OST6 YML019W Cell wall organization 
942 1097 CAGL0G07040gΔ::NAT1 OST6 YML019W Cell wall organization 
943 1098 CAGL0A04587gΔ::NAT1 RHK1 YBL082C Cell wall organization 
944 1099 CAGL0A04587gΔ::NAT1 RHK1 YBL082C Cell wall organization 
945 1100 CAGL0A04587gΔ::NAT1 RHK1 YBL082C Cell wall organization 
946 1101 CAGL0L01331gΔ::NAT1 ANP1 YEL036C Cell wall organization 
947 1102 CAGL0L01331gΔ::NAT1 ANP1 YEL036C Cell wall organization 
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948 1103 CAGL0I09922gΔ::NAT1 GNT1 YOR320C Cell wall organization 
949 1104 CAGL0I09922gΔ::NAT1 GNT1 YOR320C Cell wall organization 
950 1105 CAGL0I09922gΔ::NAT1 GNT1 YOR320C Cell wall organization 
951 1106 CAGL0H09130gΔ::NAT1 MNN4 YKL201C Cell wall organization 
952 1107 CAGL0M00528gΔ::NAT1 MNS1 YJR131W Cell wall organization 
953 1108 CAGL0M00528gΔ::NAT1 MNS1 YJR131W Cell wall organization 
954 1109 CAGL0M00528gΔ::NAT1 MNS1 YJR131W Cell wall organization 
955 1110 CAGL0J08778gΔ::NAT1 SEC13 YLR208W Other 
956 1111 CAGL0J08778gΔ::NAT1 SEC13 YLR208W Other 
957 1112 CAGL0J08778gΔ::NAT1 SEC13 YLR208W Other 
958 1113 CAGL0G07887gΔ::NAT1   YGR106C Vacuole, Golgi 
959 1114 CAGL0C04048gΔ::NAT1 MNT3 YIL014W Cell wall organization 
960 1115 CAGL0C04048gΔ::NAT1 MNT3 YIL014W Cell wall organization 
961 1116 CAGL0C04048gΔ::NAT1 MNT3 YIL014W Cell wall organization 
962 1117 CAGL0L07216gΔ::NAT1 PMT1 YDL095W Cell wall organization 
963 1118 CAGL0L07216gΔ::NAT1 PMT1 YDL095W Cell wall organization 
964 1119 CAGL0L07216gΔ::NAT1 PMT1 YDL095W Cell wall organization 
965 1120 CAGL0J08734gΔ::NAT1 PMT2 YAL023C Cell wall organization 
966 1121 CAGL0J08734gΔ::NAT1 PMT2 YAL023C Cell wall organization 
967 1122 CAGL0J08734gΔ::NAT1 PMT2 YAL023C Cell wall organization 
968 1123 CAGL0M00220gΔ::NAT1 PMT4 YJR143C Cell wall organization 
969 1124 CAGL0M00220gΔ::NAT1 PMT4 YJR143C Cell wall organization 
970 1125 CAGL0M00220gΔ::NAT1 PMT4 YJR143C Cell wall organization 
971 1126 CAGL0M07656gΔ::NAT1 ERG5 YMR015C Membrane biogenesis 
972 1127 CAGL0M07656gΔ::NAT1 ERG5 YMR015C Membrane biogenesis 
973 1128 CAGL0M07656gΔ::NAT1 ERG5 YMR015C Membrane biogenesis 
974 1129 CAGL0G09515gΔ::NAT1 EXG1 YLR300W Cell wall organization 
975 1130 CAGL0K12738gΔ::NAT1 FET5 YFL041W Vacuole, Golgi 
976 1131 CAGL0K12738gΔ::NAT1 FET5 YFL041W Vacuole, Golgi 
977 1132 CAGL0C03333gΔ::NAT1 FRE6 YLL051C Transport 
978 1133 CAGL0C03333gΔ::NAT1 FRE6 YLL051C Transport 
979 1134 CAGL0M07942gΔ::NAT1   YLR047C Other 
980 1135 CAGL0M07942gΔ::NAT1   YLR047C Other 
981 1136 CAGL0M07942gΔ::NAT1   YLR047C Other 
982 1137 CAGL0M07942gΔ::NAT1   YLR047C Other 
983 1138 CAGL0M07942gΔ::NAT1   YLR047C Other 
984 1139 CAGL0L10868gΔ::NAT1   YOR271C Other 
985 1140 CAGL0L10868gΔ::NAT1   YOR271C Other 
986 1141 CAGL0M05511gΔ::NAT1 FTH1 YBR207W Vacuole, Golgi 
987 1142 CAGL0M05511gΔ::NAT1 FTH1 YBR207W Vacuole, Golgi 
988 1143 CAGL0D01496gΔ::NAT1 ISA2 YPR067W Other 
989 1144 CAGL0D01496gΔ::NAT1 ISA2 YPR067W Other 
990 1145 CAGL0D01496gΔ::NAT1 ISA2 YPR067W Other 
991 1146 CAGL0E06006gΔ::NAT1 MMT2 YPL224C Other 
992 1147 CAGL0E06006gΔ::NAT1 MMT2 YPL224C Other 
993 1148 CAGL0E06006gΔ::NAT1 MMT2 YPL224C Other 
994 1149 CAGL0A03476gΔ::NAT1 SMF3 YLR034C Vacuole, Golgi 
995 1150 CAGL0A03476gΔ::NAT1 SMF3 YLR034C Vacuole, Golgi 
996 1151 CAGL0A03476gΔ::NAT1 SMF3 YLR034C Vacuole, Golgi 
997 1152 CAGL0J08481gΔ::NAT1   YDR506C Vacuole, Golgi 
998 1153 CAGL0J08481gΔ::NAT1   YDR506C Vacuole, Golgi 
999 1154 CAGL0J08481gΔ::NAT1   YDR506C Vacuole, Golgi 
1000 1155 CAGL0M05643gΔ::NAT1 YFH1 YDL120W Cell wall organization 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




1001 1156 CAGL0M05643gΔ::NAT1 YFH1 YDL120W Cell wall organization 
1002 1157 CAGL0L04576gΔ::NAT1 YRR1 YOR162C Transcriptional regulation 
1003 1158 CAGL0L04576gΔ::NAT1 YRR1 YOR162C Transcriptional regulation 
1004 1159 CAGL0L04576gΔ::NAT1 YRR1 YOR162C Transcriptional regulation 
1005 1160 CAGL0G09042gΔ::NAT1 AFT2 YPL202C Transcriptional regulation 
1006 1161 CAGL0G09042gΔ::NAT1 AFT2 YPL202C Transcriptional regulation 
1007 1162 CAGL0G09042gΔ::NAT1 AFT2 YPL202C Transcriptional regulation 
1008 1172 CAGL0E06600gΔ::NAT1 FLO5 YHR211W Cell wall organization 
1009 1173 CAGL0E06644gΔ::NAT1 MUC1 YIR019C Cell wall organization 
1010 1174 CAGL0E06644gΔ::NAT1 MUC1 YIR019C Cell wall organization 
1011 1175 CAGL0E06644gΔ::NAT1 MUC1 YIR019C Cell wall organization 
1012 1176 CAGL0L12980gΔ::NAT1 SET1 YHR119W Chromatin 
1013 1177 CAGL0C00297gΔ::NAT1 SET2 YJL168C Chromatin 
1014 1178 CAGL0C00297gΔ::NAT1 SET2 YJL168C Chromatin 
1015 1179 CAGL0L03091gΔ::NAT1 SET3 YKR029C Chromatin 
1016 1180 CAGL0L03091gΔ::NAT1 SET3 YKR029C Chromatin 
1017 1181 CAGL0G06556gΔ::NAT1 PHO23 YNL097C Chromatin 
1018 1182 CAGL0C05357gΔ::NAT1 SIR2 YDL042C Chromatin 
1019 1183 CAGL0C05357gΔ::NAT1 SIR2 YDL042C Chromatin 
1020 1184 CAGL0K01463gΔ::NAT1 SIR2 YDL042C Chromatin 
1021 1185 CAGL0K01463gΔ::NAT1 SIR2 YDL042C Chromatin 
1022 1186 CAGL0K01463gΔ::NAT1 SIR2 YDL042C Chromatin 
1023 1187 CAGL0M00770gΔ::NAT1 SIR3 YLR442C Chromatin 
1024 1188 CAGL0F02607gΔ::NAT1 DIT2 YDR402C Cell wall organization 
1025 1189 CAGL0L09933gΔ::NAT1 CUE5 YOR042W Other 
1026 1190 CAGL0E03454gΔ::NAT1 IMH1 YLR309C Other 
1027 1191 CAGL0E03454gΔ::NAT1 IMH1 YLR309C Other 
1028 1192 CAGL0E03454gΔ::NAT1 IMH1 YLR309C Other 
1029 1193 CAGL0K08998gΔ::NAT1 OSW1 YOR255W Cell wall organization 
1030 1194 CAGL0K08998gΔ::NAT1 OSW1 YOR255W Cell wall organization 
1031 1195 CAGL0K08998gΔ::NAT1 OSW1 YOR255W Cell wall organization 
1032 1196 CAGL0M07183gΔ::NAT1 MDM31 YHR194W Other 
1033 1197 CAGL0B01991gΔ::NAT1 SWF1 YDR126W Vacuole, Golgi 
1034 1198 CAGL0B01991gΔ::NAT1 SWF1 YDR126W Vacuole, Golgi 
1035 1199 CAGL0J05874gΔ::NAT1 ASI2 YNL159C Other 
1036 1200 CAGL0J05874gΔ::NAT1 ASI2 YNL159C Other 
1037 1201 CAGL0L02827gΔ::NAT1 PTP2 YOR208W Signal transduction 
1038 1202 CAGL0K08426gΔ::NAT1 EMP24 YGL200C Vacuole, Golgi 
1039 1203 CAGL0K08426gΔ::NAT1 EMP24 YGL200C Vacuole, Golgi 
1040 1204 CAGL0K08426gΔ::NAT1 EMP24 YGL200C Vacuole, Golgi 
1041 1205 CAGL0B01683gΔ::NAT1   YDR107C Vacuole, Golgi 
1042 1206 CAGL0B01683gΔ::NAT1   YDR107C Vacuole, Golgi 
1043 1207 CAGL0B01683gΔ::NAT1   YDR107C Vacuole, Golgi 
1044 1208 CAGL0C02761gΔ::NAT1 ERP4 YOR016C Vacuole, Golgi 
1045 1209 CAGL0C02761gΔ::NAT1 ERP4 YOR016C Vacuole, Golgi 
1046 1210 CAGL0I01232gΔ::NAT1 ERP5 YHR110W Transport 
1047 1211 CAGL0I01232gΔ::NAT1 ERP5 YHR110W Transport 
1048 1212 CAGL0I01232gΔ::NAT1 ERP5 YHR110W Transport 
1049 1213 CAGL0L13244gΔ::NAT1 EMP47 YFL048C Vacuole, Golgi 
1050 1218 CAGL0K02145gΔ::NAT1   YER130C Transcriptional regulation 
1051 1219 CAGL0L08910gΔ::NAT1 AEP3 YPL005W Transcriptional regulation 
1052 1220 CAGL0L08910gΔ::NAT1 AEP3 YPL005W Transcriptional regulation 
1053 1221 CAGL0L08910gΔ::NAT1 AEP3 YPL005W Transcriptional regulation 
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1054 1222 CAGL0F03245gΔ::NAT1 IRE1 YHR079C Transcriptional regulation 
1055 1223 CAGL0H06633gΔ::NAT1 PCK1 YKR097W Other 
1056 1224 CAGL0H06633gΔ::NAT1 PCK1 YKR097W Other 
1057 1225 CAGL0M08910gΔ::NAT1 SNF1 YDR477W Transcriptional regulation 
1058 1226 CAGL0M09449gΔ::NAT1 ECM21 YBL101C Cell wall organization 
1059 1227 CAGL0C01111gΔ::NAT1 PPZ1 YML016C Other 
1060 1228 CAGL0M08910gΔ::NAT1 SNF1 YDR477W Transcriptional regulation 
1061 1229 CAGL0M08910gΔ::NAT1 SNF1 YDR477W Transcriptional regulation 
1062 1230 CAGL0I10538gΔ::NAT1 SYF2 YGR129W Transcriptional regulation 
1063 1231 CAGL0M05929gΔ::NAT1 FMP18 YKR065C Transport 
1064 1232 CAGL0M05929gΔ::NAT1 FMP18 YKR065C Transport 
1065 1233 CAGL0I07491gΔ::NAT1 IZH1 YDR492W Other 
1066 1234 CAGL0I07491gΔ::NAT1 IZH1 YDR492W Other 
1067 1235 CAGL0D02442gΔ::NAT1 LEM3 YNL323W Membrane biogenesis 
1068 1236 CAGL0I03872gΔ::NAT1 SNF3 YDL194W Other 
1069 1237 CAGL0G06864gΔ::NAT1 MPS3 YJL019W Chromatin 
1070 1238 CAGL0G06864gΔ::NAT1 MPS3 YJL019W Chromatin 
1071 1239 CAGL0I10494gΔ::NAT1 NCE102 YPR149W Vacuole, Golgi 
1072 1240 CAGL0I10494gΔ::NAT1 NCE102 YPR149W Vacuole, Golgi 
1073 1241 CAGL0I10494gΔ::NAT1 NCE102 YPR149W Vacuole, Golgi 
1074 1242 CAGL0J08371gΔ::NAT1 PRM1 YNL279W Membrane biogenesis 
1075 1243 CAGL0J08371gΔ::NAT1 PRM1 YNL279W Membrane biogenesis 
1076 1244 CAGL0G04433gΔ::NAT1 PRM10 YJL108C Other 
1077 1245 CAGL0L01463gΔ::NAT1   YJR054W Other 
1078 1246 CAGL0L01463gΔ::NAT1   YJR054W Other 
1079 1247 CAGL0K00715gΔ::NAT1 RTA1 YGR213C Other 
1080 1248 CAGL0C02717gΔ::NAT1 SPO7 YAL009W Membrane biogenesis 
1081 1249 CAGL0C02717gΔ::NAT1 SPO7 YAL009W Membrane biogenesis 
1082 1250 CAGL0L01551gΔ::NAT1 SUR7 YML052W Other 
1083 1251 CAGL0G05093gΔ::NAT1   YDR061W Other 
1084 1252 CAGL0G08019gΔ::NAT1   YDR090C Other 
1085 1253 CAGL0G08019gΔ::NAT1   YDR090C Other 
1086 1254 CAGL0G08019gΔ::NAT1   YDR090C Other 
1087 1255 CAGL0F03641gΔ::NAT1   YDR438W Other 
1088 1256 CAGL0E05940gΔ::NAT1 BOP1 YPL221W Transport 
1089 1257 CAGL0H02519gΔ::NAT1   YMR253C Other 
1090 1258 CAGL0I04664gΔ::NAT1 FIG1 YBR040W Cell wall organization 
1091 1259 CAGL0I04664gΔ::NAT1 FIG1 YBR040W Cell wall organization 
1092 1260 CAGL0I04664gΔ::NAT1 FIG1 YBR040W Cell wall organization 
1093 1261 CAGL0L08294gΔ::NAT1 AXL2 YIL140W Other 
1094 1262 CAGL0I02508gΔ::NAT1 CTR2 YHR175W Transport 
1095 1263 CAGL0I02508gΔ::NAT1 CTR2 YHR175W Transport 
1096 1264 CAGL0I02508gΔ::NAT1 CTR2 YHR175W Transport 
1097 1265 CAGL0K02827gΔ::NAT1 DID4 YKL002W Vacuole, Golgi 
1098 1266 CAGL0K12914gΔ::NAT1 EMP47 YFL048C Vacuole, Golgi 
1099 1267 CAGL0K12914gΔ::NAT1 EMP47 YFL048C Vacuole, Golgi 
1100 1268 CAGL0K12914gΔ::NAT1 EMP47 YFL048C Vacuole, Golgi 
1101 1269 CAGL0L11308gΔ::NAT1 ERV41 YML067C Vacuole, Golgi 
1102 1270 CAGL0K04367gΔ::NAT1 MUP1 YGR055W Transport 
1103 1271 CAGL0I01012gΔ::NAT1 PEP12 YOR036W Vacuole, Golgi 
1104 1272 CAGL0I01012gΔ::NAT1 PEP12 YOR036W Vacuole, Golgi 
1105 1273 CAGL0I01012gΔ::NAT1 PEP12 YOR036W Vacuole, Golgi 
1106 1274 CAGL0B02475gΔ::NAT1 PHO84 YML123C Transport 
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1107 1275 CAGL0B02475gΔ::NAT1 PHO84 YML123C Transport 
1108 1276 CAGL0G08624gΔ::NAT1 QDR2 YIL121W Transport 
1109 1277 CAGL0G08624gΔ::NAT1 QDR2 YIL121W Transport 
1110 1278 CAGL0K00297gΔ::NAT1 SAC1 YKL212W Signal transduction 
1111 1279 CAGL0K00297gΔ::NAT1 SAC1 YKL212W Signal transduction 
1112 1280 CAGL0K00297gΔ::NAT1 SAC1 YKL212W Signal transduction 
1113 1281 CAGL0K00649gΔ::NAT1 SOP4 YJL192C Vacuole, Golgi 
1114 1282 CAGL0K00649gΔ::NAT1 SOP4 YJL192C Vacuole, Golgi 
1115 1283 CAGL0K00649gΔ::NAT1 SOP4 YJL192C Vacuole, Golgi 
1116 1284 CAGL0L02651gΔ::NAT1 STE13 YOR219C Other 
1117 1285 CAGL0L02651gΔ::NAT1 STE13 YOR219C Other 
1118 1286 CAGL0M13321gΔ::NAT1 SVP26 YHR181W Cell wall organization 
1119 1287 CAGL0M13321gΔ::NAT1 SVP26 YHR181W Cell wall organization 
1120 1288 CAGL0M13321gΔ::NAT1 SVP26 YHR181W Cell wall organization 
1121 1289 CAGL0D03146gΔ::NAT1 SYS1 YJL004C Vacuole, Golgi 
1122 1290 CAGL0D03146gΔ::NAT1 SYS1 YJL004C Vacuole, Golgi 
1123 1291 CAGL0D03146gΔ::NAT1 SYS1 YJL004C Vacuole, Golgi 
1124 1292 CAGL0K09988gΔ::NAT1 TVP23 YDR084C Vacuole, Golgi 
1125 1293 CAGL0K09988gΔ::NAT1 TVP23 YDR084C Vacuole, Golgi 
1126 1294 CAGL0K09988gΔ::NAT1 TVP23 YDR084C Vacuole, Golgi 
1127 1295 CAGL0E02079gΔ::NAT1 MSN1 YOL116W Transcriptional regulation 
1128 1296 CAGL0E02079gΔ::NAT1 MSN1 YOL116W Transcriptional regulation 
1129 1297 CAGL0E02079gΔ::NAT1 MSN1 YOL116W Transcriptional regulation 
1130 1298 CAGL0M02585gΔ::NAT1 SPP1 YPL138C Chromatin 
1131 1299 CAGL0I00726gΔ::NAT1   YMR148W Other 
1132 1300 CAGL0L08294gΔ::NAT1 AXL2 YIL140W Other 
1133 1301 CAGL0K08272gΔ::NAT1 YSR3 YKR053C Membrane biogenesis 
1134 1302 CAGL0B02475gΔ::NAT1 PHO84 YML123C Transport 
1135 1303 CAGL0K04279gΔ::NAT1 SCM4 YGR049W Membrane biogenesis 
1136 1304 CAGL0K04279gΔ::NAT1 SCM4 YGR049W Membrane biogenesis 
1137 1305 CAGL0L01485gΔ::NAT1 GSF2 YML048W Transport 
1138 1306 CAGL0K03245gΔ::NAT1   YKL105C Other 
1139 1307 CAGL0F00209gΔ::NAT1 SEO1 YAL067C Other 
1140 1308 CAGL0F00209gΔ::NAT1 SEO1 YAL067C Other 
1141 1309 CAGL0F03619gΔ::NAT1 NIP100 YPL174C Other 
1142 1310 CAGL0F03619gΔ::NAT1 NIP100 YPL174C Other 
1143 1311 CAGL0H03575gΔ::NAT1 SPO1 YNL012W Other 
1144 1312 CAGL0I06116gΔ::NAT1 SSY5 YJL156C Other 
1145 1313 CAGL0I06116gΔ::NAT1 SSY5 YJL156C Other 
1146 1314 CAGL0D00242gΔ::NAT1 CNE1 YAL058W Other 
1147 1315 CAGL0D01892gΔ::NAT1 AAT2 YLR027C Other 
1148 1316 CAGL0K05577gΔ::NAT1 ATX2 YOR079C Transport 
1149 1317 CAGL0K10846gΔ::NAT1 PCD1 YLR151C Other 
1150 1318 CAGL0F08019gΔ::NAT1 PEX21 YGR239C Other 
1151 1319 CAGL0K11209gΔ::NAT1 PEX5 YDR244W Signal transduction 
1152 1320 CAGL0B04059gΔ::NAT1 TES1 YJR019C Other 
1153 1321 CAGL0B04059gΔ::NAT1 TES1 YJR019C Other 
1154 1322 CAGL0B04059gΔ::NAT1 TES1 YJR019C Other 
1155 1323 CAGL0L02299gΔ::NAT1 VPS1 YKR001C Other 
1156 1324 CAGL0L02299gΔ::NAT1 VPS1 YKR001C Other 
1157 1325 CAGL0L02299gΔ::NAT1 VPS1 YKR001C Other 
1158 1326 CAGL0K09570gΔ::NAT1 CPT1 YNL130C Vacuole, Golgi 
1159 1327 CAGL0K09570gΔ::NAT1 CPT1 YNL130C Vacuole, Golgi 
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1160 1328 CAGL0L13068gΔ::NAT1 EPT1 YHR123W Vacuole, Golgi 
1161 1329 CAGL0F08723gΔ::NAT1 MUQ1 YGR007W Membrane biogenesis 
1162 1330 CAGL0F08723gΔ::NAT1 MUQ1 YGR007W Membrane biogenesis 
1163 1331 CAGL0J08074gΔ::NAT1 PDR17 YNL264C Transport 
1164 1332 CAGL0J08074gΔ::NAT1 PDR17 YNL264C Transport 
1165 1333 CAGL0J08074gΔ::NAT1 PDR17 YNL264C Transport 
1166 1336 CAGL0G04851gΔ::NAT1 SUR4 YLR372W Membrane biogenesis 
1167 1337 CAGL0G04851gΔ::NAT1 SUR4 YLR372W Membrane biogenesis 
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General settings for the 2100 Bioanalyzer RNA integrity checkup and the results. 
 
General Analysis Settings 
Number of Available Sample and Ladder Wells (Max.) : 13 
Minimum Visible Range [s] : 17 
Maximum Visible Range [s] : 70 
Start Analysis Time Range [s] : 19 
End Analysis Time Range [s] : 69 
Ladder Concentration [ng/µl] : 150 
Lower Marker Concentration [ng/µl] : 0 
Upper Marker Concentration [ng/µl] : 0 
Used Lower Marker for Quantitation 
Standard Curve Fit is Logarithmic 
Show Data Aligned to Lower Marker 
Integrator Settings 
Integration Start Time [s] : 19 
Integration End Time [s] : 69 
Slope Threshold : 0,6 
Height Threshold [FU] : 0,5 
Area Threshold : 0,2 
Width Threshold [s] : 0,5 
Baseline Plateau [s] : 6 
Filter Settings 
Filter Width [s] : 0,5 
Polynomial Order : 4 
 
Electrophoresis Run Summary (looking for 2 clean peaks → no degradation of rRNA): 
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Details for the RNA sequencing. 
 
Sequencing Type HiSeqV4 SR50 
Demultiplexing Yes 
Alignment  No 
BioComp Support No 
Lanes   2 with 27 samples 
Multiplex(es)  2759 and 2760 
 
mRNA Library preparation (RiboZero, NEB), Library Quality Control, Sequencing 50bp 
single read HiSeq, Demultiplexing 
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Script of the pipeline for bioinformatics analysis: 
#!/bin/bash 
WKDIR=/home/tmzl/Bioinfo/Test 
# Mapping of all .bam files with NGM  
for i in $WKDIR/*.bam 
do 
ngm -q $i -r $WKDIR/*.fasta.gz -o $i.sam 
done 
# convert .sam to .bam using samtools (only required if mapping output is .sam) 
for i in $WKDIR/*.sam 
do 
samtools view -b $i > $i.bam 
done 
# sort -bam files using samtools 
for i in $WKDIR/*.sam.bam 
do 
samtools sort $i -o $i.sorted 
done 
# flagstat analysis 
for i in $WKDIR/*.sorted 
do 
samtools flagstat $i >> $WKDIR/flagstat_analysis.txt 
done 
 
# read count with htseq-count 
for i in $WKDIR/*.sorted 
do 
htseq-count -f bam -s no -t gene -i ID $i $WKDIR/*.gff > $i.count.txt 
done 
# clear count files for rDNA loci and flags 
for i in $WKDIR/*.count.txt 
do 
sed '4900d;4902d;4904d;4905d;5573d;5574d;5598,5602d' $i > $i.crop.txt 
done 
 
Script for analysis with EdgeR: 
# Differential expression 
et <- exactTest(d, pair= c("Un_t2", "FM_t2")) 
#topTags(et, n=20) 
#detags <- rownames(topTags(et, n=20)) 
#cpm(d)[detags,] 
result <- summary(de <- decideTestsDGE(et, p=0.05, adjust="BH")) 
detags <- rownames(d)[as.logical(de)] 
pdf("Un_t2+FM_t2.pdf") 
plotSmear(et, de.tags=detags) 
abline(h = c(-1, 1), col = "blue")  
dev.off() 
 
# Export results 
tt<-topTags(et, n=Inf) 
write.table(tt$table, file="Un_t2+FM_t2.txt", sep="\t", quote=FALSE) 
tt_Un_t2_FM_t2 = as.data.frame(tt) 
pcounts_Un_t2_FM_t2 = as.data.frame(d$pseudo.counts) 
names(pcounts_Un_t2_FM_t2) = c("Un_t2_Rep1", "Un_t2_Rep2", "Un_t2_Rep3", "FM_t2_Rep1", "FM_t2_Rep2", 
"FM_t2_Rep3") 
write.table(pcounts_Un_t2_FM_t2, file="Un_t2+FM_t2_pcounts.txt", sep="\t", quote=FALSE)  
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96-well plate layout for the single gene deletion mutants used in chemogenomic screening 
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Calculated FICI and BI values from the checkerboard assays involving immunosuppressive 
and antifungal drugs versus selected clinical isolates. 
FICI - fractional inhibitory concentration index 
SSI - summed all statistically significant E  
MSSI - mean percentage of SSI 
n - number of values 
CI - confidence interval (95% of the data is inside this range: MSSI +/- CI) 
SYN - summed all statistically significant E positive values 
MSYN - mean percentage of SYN 
ANT - summed all statistically significant E negative values 




number Drug combination  
FICI 
    FICI min FICI max 
Sc1 ZIM 2558 MPA + FLC 1.0078125 4.25 
Sc1 ZIM 2558 MPA + ITC 2.0078125 4.25 
Sc1 ZIM 2558 MPA + AMB 0.375 1.03125 
Sc1 ZIM 2558 MTX + AMB 1.004882813 2.15625 
Sc1 ZIM 2558 MTX + FLC 0.40625 1.0390625 
Sc1 ZIM 2558 MTX + ITC 0.65625 1.078125 
Sc1 ZIM 2558 CsA + FLC 1.015625 2.5 
Sc1 ZIM 2558 CsA + ITC 0.515625 1.0078125 
Sc1 ZIM 2558 CsA + AMB 0.15625 0.5078125 
Sc1 ZIM 2558 Fk506 + FLC 0.135 1.000625 
Sc1 ZIM 2558 Fk506 + ITC 0.2503125 0.51 
Sc1 ZIM 2558 Fk506 + AMB 0.251953125 0.500976563 
Sc1 ZIM 2558 AMX + AMB 2.024414063 8.78125 
Sc1 ZIM 2558 AMX + ITC 0.5078125 0.75 
Sc1 ZIM 2558 AMX + FLC 0.5078125 1.25 
Sc2 ZIM 2566 MPA + FLC 1.008333333 2.266666667 
Sc2 ZIM 2566 MPA + AMB 0.633333333 1.066666667 
Sc2 ZIM 2566 MTX + AMB 1.004882813 1.15625 
Sc2 ZIM 2566 MTX + FLC 1.004882813 2.15625 
Sc2 ZIM 2566 MTX + ITC 1.004882813 1.15625 
Sc2 ZIM 2566 CsA + FLC 1.015625 4.5 
Sc2 ZIM 2566 CsA + ITC 0.0625 2.03125 
Sc2 ZIM 2566 CsA + AMB 0.15625 0.50390625 
Sc2 ZIM 2566 Fk506 + FLC 0.135 1.0025 
Sc2 ZIM 2566 Fk506 + ITC 0.13 1.0003125 
Sc2 ZIM 2566 AMX + AMB 0.5625 4.25 
Sc2 ZIM 2566 AMX + ITC 1.0078125 2.125 
Sc2 ZIM 2566 Fk506 + AMB 0.25 0.625 
Sc2 ZIM 2566 AMX + FLC 0.515625 1.25 
Sc3 ZIM 2247 MPA + FLC 2.016666667 2.533333333 
Sc3 ZIM 2247 MPA + ITC 1.016666667 2.533333333 
Sc3 ZIM 2247 MPA + AMB 0.766666667 1.533333333 
Sc3 ZIM 2247 MTX + AMB 1.004882813 1.15625 
Sc3 ZIM 2247 MTX + FLC 1.004882813 1.15625 
Sc3 ZIM 2247 MTX + ITC 0.504882813 1.15625 
Sc3 ZIM 2247 CsA + FLC 1.015625 1.5 
Sc3 ZIM 2247 CsA + AMB 0.09375 0.515625 
Sc3 ZIM 2247 Fk506 + FLC 0.12625 1.000625 
Sc3 ZIM 2247 Fk506 + ITC 0.500625 0.52 
Sc3 ZIM 2247 Fk506 + AMB 0.06375 0.125625 
Sc3 ZIM 2247 AMX + AMB 1.0078125 1.25 
Sc3 ZIM 2247 AMX + ITC 0.5078125 1.25 
Sc3 ZIM 2247 CsA + ITC 0.75 1.25 
Sc3 ZIM 2247 AMX + FLC 1.015625 2.125 
Sc4 ZIM 2255 MPA + ITC 0.516666667 1.133333333 
Sc4 ZIM 2255 MTX + FLC 1.002441406 1.078125 
Sc4 ZIM 2255 MTX + ITC 1.002441406 1.078125 
Sc4 ZIM 2255 CsA + FLC 0.515625 1.25 
Sc4 ZIM 2255 CsA + ITC 0.5078125 1.00390625 
Sc4 ZIM 2255 Fk506 + FLC 0.15625 1.000976563 
Sc4 ZIM 2255 Fk506 + ITC 0.25390625 0.501953125 
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Sc4 ZIM 2255 Fk506 + AMB 0.09375 0.5078125 
Sc4 ZIM 2255 AMX + AMB 1.0078125 1.25 
Sc4 ZIM 2255 AMX + ITC 1.0078125 1.25 
Sc4 ZIM 2255 MPA + AMB 1 1.25 
Sc4 ZIM 2255 CsA + AMB 0.375 1.03125 
Sc4 ZIM 2255 MPA + FLC 2.5 2.015625 
Sc4 ZIM 2255 MTX + AMB 0.515625 1.5 
Sc4 ZIM 2255 AMX + FLC 2.0078125 2.125 
Sc5 ZIM 2260 MPA + FLC 0.66 2.02 
Sc5 ZIM 2260 MPA + ITC 1.005 2.16 
Sc5 ZIM 2260 MPA + AMB 0.58 1.04 
Sc5 ZIM 2260 MTX + AMB 1.004882813 1.15625 
Sc5 ZIM 2260 MTX + FLC 1.009765625 2.004882813 
Sc5 ZIM 2260 MTX + ITC 1.078125 2.0390625 
Sc5 ZIM 2260 CsA + FLC 1.015625 4.25 
Sc5 ZIM 2260 CsA + ITC 0.28125 0.515625 
Sc5 ZIM 2260 CsA + AMB 0.15625 0.515625 
Sc5 ZIM 2260 Fk506 + FLC 0.135 1.00125 
Sc5 ZIM 2260 Fk506 + ITC 0.250625 0.5003125 
Sc5 ZIM 2260 Fk506 + AMB 0.250625 0.5003125 
Sc5 ZIM 2260 AMX + AMB 1.0078125 1.25 
Sc5 ZIM 2260 AMX + ITC 1.0078125 1.25 
Sc5 ZIM 2260 AMX +FLC 1.0078125 1.25 
Sc6 ZIM 2269 MPA + FLC 1.0078125 2.25 
Sc6 ZIM 2269 MPA + ITC 1.03125 1.25 
Sc6 ZIM 2269 MPA + AMB 1.03125 1.25 
Sc6 ZIM 2269 MTX + AMB 1.004882813 1.15625 
Sc6 ZIM 2269 MTX + FLC 0.65625 1.078125 
Sc6 ZIM 2269 MTX + ITC 1.004882813 1.15625 
Sc6 ZIM 2269 CsA + FLC 0.53125 2.001953125 
Sc6 ZIM 2269 CsA + AMB 0.28125 1.00390625 
Sc6 ZIM 2269 Fk506 + FLC 0.255 1.00125 
Sc6 ZIM 2269 Fk506 + AMB 0.0825 0.50125 
Sc6 ZIM 2269 AMX + AMB 1.0078125 1.25 
Sc6 ZIM 2269 AMX + ITC 1 1.25 
Sc6 ZIM 2269 CsA + ITC 0.5625 1.03125 
Sc6 ZIM 2269 Fk506 + ITC 0.75 2.5 
Sc6 ZIM 2269 AMX + FLC 1.03125 2 
Cg1 ZIM 2344 MPA + FLC 1.0078125 1.25 
Cg1 ZIM 2344 MPA + AMB 0.625 1.0625 
Cg1 ZIM 2344 MTX + AMB 0.65625 1.078125 
Cg1 ZIM 2344 MTX + FLC 0.504882813 0.65625 
Cg1 ZIM 2344 MTX + ITC 1.004882813 1.15625 
Cg1 ZIM 2344 CsA + FLC 1.015625 1.25 
Cg1 ZIM 2344 CsA + ITC 0.140625 0.375 
Cg1 ZIM 2344 CsA + AMB 0.28125 1.0078125 
Cg1 ZIM 2344 Fk506 + FLC 0.2500125 0.50000625 
Cg1 ZIM 2344 Fk506 + ITC 0.1251 0.5000125 
Cg1 ZIM 2344 AMX + AMB 0.1328125 1.25 
Cg1 ZIM 2344 AMX + ITC 0.0703125 0.375 
Cg1 ZIM 2344 MPA + ITC 0.173828125 1.625 
Cg1 ZIM 2344 Fk506 + AMB 0.515625 1 
Cg1 ZIM 2344 AMX + FLC 0.5078125 0.75 
Cg2 ZIM 2365 MPA + FLC 1.015625 8.5 
Cg2 ZIM 2365 MPA + ITC 0.515625 4.125 
Cg2 ZIM 2365 MPA + AMB 0.5 1.015625 
Cg2 ZIM 2365 MTX + AMB 1.004882813 1.15625 
Cg2 ZIM 2365 MTX + FLC 1.004882813 1.15625 
Cg2 ZIM 2365 MTX + ITC 0.504882813 1.15625 
Cg2 ZIM 2365 CsA + FLC 1 1.25 
Cg2 ZIM 2365 CsA + ITC 0.265625 1.00390625 
Cg2 ZIM 2365 CsA + AMB 0.25390625 0.625 
Cg2 ZIM 2365 Fk506 + FLC 1.000003125 1.0001 
Cg2 ZIM 2365 Fk506 + ITC 0.5003125 1.01 
Cg2 ZIM 2365 Fk506 + AMB 0.2503125 0.51 
Cg2 ZIM 2365 AMX + AMB 0.2578125 1.25 
Cg2 ZIM 2365 AMX + ITC 0.5625 1.25 
Cg2 ZIM 2365 AMX + FLC 1.0078125 1.25 
Cg3 ZIM 2369 MPA + FLC 1.0078125 4.25 
Cg3 ZIM 2369 MPA + ITC 1.0078125 2.25 
Cg3 ZIM 2369 MPA + AMB 0.75 1.125 
Cg3 ZIM 2369 MTX + AMB 1.004882813 1.15625 
Cg3 ZIM 2369 MTX + FLC 1.004882813 1.15625 
Cg3 ZIM 2369 MTX + ITC 1.004882813 1.15625 
Cg3 ZIM 2369 CsA + FLC 1.015625 1.5 
Cg3 ZIM 2369 CsA + ITC 0.515625 1 
Cg3 ZIM 2369 CsA + AMB 0.25390625 0.625 
Cg3 ZIM 2369 Fk506 + FLC 0.50000625 1.000003125 
Cg3 ZIM 2369 Fk506 + ITC 0.25005 0.500025 
Cg3 ZIM 2369 AMX + AMB 1.0078125 1.25 
Cg3 ZIM 2369 AMX + ITC 1.0078125 1.25 
Cg3 ZIM 2369 Fk506 + AMB 0.2578125 1.25 
Cg3 ZIM 2369 AMX + FLC 1.0078125 1.25 
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Cg4 ZIM 2382 MPA + FLC 1.0078125 4.25 
Cg4 ZIM 2382 MPA + ITC 0.5078125 0.75 
Cg4 ZIM 2382 MPA + AMB 0.5 1.0625 
Cg4 ZIM 2382 MTX + AMB 1.004882813 1.15625 
Cg4 ZIM 2382 MTX + FLC 1.004882813 2.15625 
Cg4 ZIM 2382 MTX + ITC 1.004882813 2.15625 
Cg4 ZIM 2382 CsA + FLC 0.625 1.0625 
Cg4 ZIM 2382 CsA + ITC 0.5078125 1.00390625 
Cg4 ZIM 2382 CsA + AMB 0.50390625 0.625 
Cg4 ZIM 2382 Fk506 + FLC 0.500003125 0.5001 
Cg4 ZIM 2382 Fk506 + ITC 1.000003125 1.0001 
Cg4 ZIM 2382 Fk506 + AMB 0.250625 1.01 
Cg4 ZIM 2382 AMX + AMB 0.5078125 1.25 
Cg4 ZIM 2382 AMX + ITC 1.0078125 2.25 
Cg4 ZIM 2382 AMX + FLC 1.0078125 1.25 
Cg5 ZIM 2385 MPA + FLC 0.5078125 2.25 
Cg5 ZIM 2385 MPA + ITC 0.5078125 1.015625 
Cg5 ZIM 2385 MPA + AMB 0.5 1.0625 
Cg5 ZIM 2385 MTX + AMB 2.004882813 2.15625 
Cg5 ZIM 2385 MTX + FLC 1.004882813 2.15625 
Cg5 ZIM 2385 MTX + ITC 0.504882813 2.15625 
Cg5 ZIM 2385 CsA + FLC 0.265625 1 
Cg5 ZIM 2385 CsA + ITR 0.09375 1.00390625 
Cg5 ZIM 2385 CsA + AMB 0.15625 0.375 
Cg5 ZIM 2385 Fk506 + FLC 1.0003125 1.01 
Cg5 ZIM 2385 Fk506 + ITC 0.0725 0.5003125 
Cg5 ZIM 2385 AMX + AMB 0.5078125 1.25 
Cg5 ZIM 2385 AMX + ITC 1.0078125 1.25 
Cg5 ZIM 2385 Fk506 + AMB 0.28125 1 
Cg5 ZIM 2385 AMX + FLC 1.015625 1.5 
Cg6 ZIM 2389 MPA + FLC 1.0078125 2.25 
Cg6 ZIM 2389 MPA + ITC 0.5078125 1.25 
Cg6 ZIM 2389 MPA + AMB 0.53125 1.0078125 
Cg6 ZIM 2389 MTX + AMB 1.004882813 1.15625 
Cg6 ZIM 2389 MTX + FLC 0.504882813 1.15625 
Cg6 ZIM 2389 MTX + ITC 1.004882813 2.0390625 
Cg6 ZIM 2389 CsA + FLC 0.515625 1.5 
Cg6 ZIM 2389 CsA + ITC 0.125 1.03125 
Cg6 ZIM 2389 CsA + AMB 0.28125 0.515625 
Cg6 ZIM 2389 Fk506 + FLC 0.2525 1.000625 
Cg6 ZIM 2389 Fk506 + ITC 0.125625 0.125625 
Cg6 ZIM 2389 Fk506 + AMB 0.26 1.0003125 
Cg6 ZIM 2389 AMX + AMB 0.5078125 1.25 
Cg6 ZIM 2389 AMX + ITC 1.0078125 1.25 
Cg6 ZIM 2389 AMX + FLC 1.015625 2.25 
CgPDR1 KO160 MPA + FLC 1.03125 2.125 
ATCC 2001  MPA + FLC 1.0625 2.5 
ATCC 2001  MPA + KCT 1.25 4.125 
ATCC 2001  MPA + VRC 1.0625 2.5 
ATCC 2001  MPA + POS 1.5 4.125 
 
Strain BI model 
 SSI  MSSI 
n 
(SSI) CI SYN  MSYN 
n 
(SYN) ANT  MANT 
n 
(ANT) 
Sc1 -874.52% -36.44% 24 9.60%     -874.52% -36.44% 24 
Sc1 -406.57% -27.10% 15 13.88% 36.33% 12.11% 3 -442.89% -36.91% 12 
Sc1 361.07% 20.06% 18 20.91% 485.95% 48.59% 10 -124.88% -15.61% 8 
Sc1 -111.66% -5.58% 20 3.47% 30.75% 7.69% 4 -142.40% -8.90% 16 
Sc1 834.73% 37.94% 22 11.50% 840.72% 40.03% 21 -6.00% -6.00% 1 
Sc1 101.40% 10.14% 10 7.95% 110.41% 12.27% 9 -9.01% -9.01% 1 
Sc1 -561.36% -28.07% 20 7.40%     -561.36% -28.07% 20 
Sc1 465.28% 23.26% 20 21.33% 573.19% 47.77% 12 -107.91% -13.49% 8 
Sc1 684.77% 45.65% 15 12.07% 693.59% 49.54% 14 -8.82% -8.82% 1 
Sc1 184.41% 18.76% 22 8.38% 486.13% 34.72% 14 -301.71% -37.71% 8 
Sc1 874.82% 12.27% 24 36.45% 874.82% 36.45% 24     
Sc1 996.74% 6.90% 18 55.37% 996.74% 55.37% 18     
Sc1 -225.14% 4.78% 15 -15.01%     -225.14% -15.01% 15 
Sc1 39.43% 1.88% 21 9.27% 206.87% 17.24% 12 -167.44% -18.60% 9 
Sc1 192.70% 10.14% 19 4.91% 219.48% 12.91% 17 -26.78% -13.39% 2 
Sc2 -31.58% -1.86% 17 8.06% 97.57% 10.84% 9 -129.15% -16.14% 8 
Sc2 -48.35% -2.54% 19 11.69% 146.31% 36.58% 4 -194.66% -12.98% 15 
Sc2 -315.28% -13.14% 24 2.01%     -315.28% -13.14% 24 
Sc2 -452.41% -23.81% 19 10.26% 11.10% 11.10% 1 -463.51% -25.75% 18 
Sc2 134.01% 11.17% 12 9.41% 161.64% 17.96% 9 -27.63% -9.21% 3 
Sc2 -679.80% -75.53% 9 26.98%     -679.80% -75.53% 9 
Sc2 806.94% 38.43% 21 10.73% 806.94% 38.43% 21     
Sc2 513.65% 28.54% 18 13.91% 542.39% 33.90% 16 -28.74% -14.37% 2 
Sc2 93.48% 4.45% 21 16.90% 354.80% 29.57% 12 -261.32% -29.04% 9 
Sc2 953.35% 45.40% 21 14.66% 977.97% 48.90% 20 -24.62% -24.62% 1 
Sc2 -24.36% -2.71% 9 8.64% 32.74% 10.91% 3 -57.10% -9.52% 6 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




Sc2 -78.68% -5.62% 14 7.88% 52.19% 13.05% 4 -130.87% -13.09% 10 
Sc2 822.30% 35.75% 23 15.40% 916.73% 48.25% 19 -94.43% -23.61% 4 
Sc2 45.48% 2.07% 22 7.98% 200.26% 18.21% 11 -154.78% -14.07% 11 
Sc3 -282.46% -21.73% 13 6.80%     -282.46% -21.73% 13 
Sc3 -3.61% -0.40% 9 15.12% 71.34% 17.84% 4 -74.96% -14.99% 5 
Sc3 -217.65% -11.46% 19 11.91% 115.31% 19.22% 6 -332.96% -25.61% 13 
Sc3 -238.52% -11.93% 20 3.00% 5.89% 5.89% 1 -244.41% -12.86% 19 
Sc3 -85.67% -8.57% 10 11.03% 34.93% 8.73% 4 -120.60% -20.10% 6 
Sc3 35.05% 4.38% 8 6.49% 49.89% 8.31% 6 -14.84% -7.42% 2 
Sc3 275.95% 23.00% 12   275.95% 23.00% 12  -7.42%   
Sc3 1470.08% 61.25% 24 15.30% 1470.08% 61.25% 24     
Sc3 881.40% 51.85% 17 14.94% 887.91% 55.49% 16 -6.52% -6.52% 1 
Sc3 682.26% 40.13% 17 18.66% 682.26% 40.13% 17     
Sc3 2091.39% 87.14% 24 6.38% 2091.39% 87.14% 24     
Sc3 -290.55% -15.29% 19 2.13%     -290.55% -15.29% 19 
Sc3 -303.71% -15.98% 19 6.07% 21.51% 10.76% 2 -325.23% -19.13% 17 
Sc3 387.96% 24.25% 16 19.12% 439.01% 43.90% 10 -51.05% -8.51% 6 
Sc3 -143.72% -17.96% 8 10.48%     -143.72% -17.96% 8 
Sc4 231.26% 28.91% 8 19.57% 231.26% 28.91% 8     
Sc4 -75.39% -8.38% 9 2.60%     -75.39% -8.38% 9 
Sc4 141.39% 15.71% 9 5.01% 141.39% 15.71% 9     
Sc4 61.31% 15.33% 4 26.56% 66.42% 22.14% 3 -5.11% -5.11% 1 
Sc4 706.78% 58.90% 12 16.30% 706.78% 58.90% 12     
Sc4 274.59% 17.16% 16 27.29% 479.54% 53.28% 9 -204.94% -29.28% 7 
Sc4 706.68% 54.36% 13 23.49% 753.00% 68.45% 11 -46.32% -23.16% 2 
Sc4 1143.80% 54.47% 21 22.72% 1222.65% 67.92% 18 -78.85% -26.28% 3 
Sc4 -225.96% -15.06% 15 8.63% 17.74% 5.91% 3 -243.69% -20.31% 12 
Sc4 23.45% 1.80% 13 9.44% 98.12% 10.90% 9 -74.67% -18.67% 4 
Sc4 -43.03% -3.31% 13 15.00% 113.96% 28.49% 4 -156.99% -17.44% 9 
Sc4 257.61% 14.31% 18 24.41% 490.22% 70.03% 7 -232.60% -21.15% 11 
Sc4 -366.35% -20.35% 18 26.37% 198.08% 24.76% 8 -564.43% -56.44% 10 
Sc4 26.21% 1.64% 16 10.81% 153.27% 19.16% 8 -127.06% -15.88% 8 
Sc4 -293.39% -32.60% 9 21.28% 5.16% 5.16% 1 -298.55% -37.32% 8 
Sc5 -155.06% -12.92% 12 16.00% 67.69% 22.56% 3 -222.76% -24.75% 9 
Sc5 -211.38% -16.26% 13 14.80% 43.73% 14.58% 3 -255.11% -25.51% 10 
Sc5 332.23% 18.46% 18 12.65% 378.18% 29.09% 13 -45.95% -9.19% 5 
Sc5 199.86% 10.52% 19 1.93% 199.86% 10.52% 19     
Sc5 -4.61% -0.42% 11 8.55% 55.38% 11.08% 5 -59.99% -10.00% 6 
Sc5 -71.01% -8.88% 8 7.27% 11.76% 11.76% 1 -82.78% -11.83% 7 
Sc5 -134.12% -19.16% 7 21.88% 17.18% 8.59% 2 -151.30% -30.26% 5 
Sc5 610.82% 38.18% 16 16.46% 618.09% 41.21% 15 -7.28% -7.28% 1 
Sc5 1006.30% 41.93% 24 11.78% 1006.30% 41.93% 24     
Sc5 604.19% 31.80% 19 16.14% 641.20% 40.08% 16 -37.01% -12.34% 3 
Sc5 1077.53% 44.90% 24 16.16% 1077.53% 44.90% 24     
Sc5 986.52% 51.92% 19 17.00% 986.52% 51.92% 19     
Sc5 29.50% 3.28% 9 6.15% 50.47% 8.41% 6 -20.96% -6.99% 3 
Sc5 61.31% 3.83% 16 5.97% 115.46% 11.55% 10 -54.14% -9.02% 6 
Sc5 42.96% 3.58% 12 5.04% 68.49% 8.56% 8 -25.53% -6.38% 4 
Sc6 -389.90% -18.57% 21 15.69% 95.87% 11.98% 8 -485.77% -37.37% 13 
Sc6 69.01% 6.27% 11 23.03% 168.72% 33.74% 5 -99.71% -16.62% 6 
Sc6 609.43% 38.09% 16 20.96% 628.25% 48.33% 13 -18.82% -6.27% 3 
Sc6 22.54% 1.73% 13 11.01% 117.86% 19.64% 6 -95.32% -13.62% 7 
Sc6 -186.02% -10.33% 18 7.44% 51.07% 12.77% 4 -237.10% -16.94% 14 
Sc6 -79.58% -8.84% 9 2.68%     -79.58% -8.84% 9 
Sc6 132.60% 26.52% 5 33.70% 139.80% 34.95% 4 -7.20% -7.20% 1 
Sc6 1033.33% 46.97% 22 14.71% 1033.33% 46.97% 22     
Sc6 834.89% 49.11% 17 21.73% 864.61% 57.64% 15 -29.71% -14.86% 2 
Sc6 1905.72% 79.41% 24 15.76% 1905.72% 79.41% 24     
Sc6 296.94% 16.50% 18 7.84% 334.06% 22.27% 15 -37.12% -12.37% 3 
Sc6 21.21% 4.24% 5 30.06% 47.54% 47.54% 1 -26.32% -6.58% 4 
Sc6 276.40% 39.49% 7 23.12% 276.40% 39.49% 7     
Sc6 474.57% 33.90% 14 16.71% 474.57% 33.90% 14     
Sc6 -186.72% -14.36% 13 4.58%     -186.72% -14.36% 13 
Cg1 694.30% 28.93% 24 5.53% 694.30% 28.93% 24     
Cg1 474.11% 19.75% 24 5.34% 474.11% 19.75% 24     
Cg1 126.07% 9.70% 13 1.50% 126.07% 9.70% 13     
Cg1 194.49% 8.84% 22 0.97% 194.49% 8.84% 22     
Cg1 -68.76% -7.64% 9 7.16% 11.89% 5.95% 2 -80.65% -11.52% 7 
Cg1 168.62% 9.92% 17 7.42% 217.36% 18.11% 12 -48.74% -9.75% 5 
Cg1 885.20% 36.88% 24 4.69% 885.20% 36.88% 24     
Cg1 630.67% 27.42% 23 7.92% 630.67% 27.42% 23     
Cg1 422.72% 18.38% 23 3.43% 422.72% 18.38% 23     
Cg1 543.88% 22.66% 24 3.64% 543.88% 22.66% 24     
Cg1 189.73% 10.54% 18 2.97% 195.36% 11.49% 17 -5.63% -5.63% 1 
Cg1 300.02% 13.04% 23 1.30% 300.02% 13.04% 23     
Cg1 1002.22% 41.76% 24 6.33% 1002.22% 41.76% 24     
Cg1 787.57% 32.82% 24 4.34% 787.57% 32.82% 24     
Cg1 96.32% 8.03% 12 1.47% 96.32% 8.03% 12     
Cg2 -484.08% -24.20% 20 12.98% 61.31% 10.22% 6 -545.40% -38.96% 14 
Cg2 32.72% 2.05% 16 7.37% 118.44% 13.16% 9 -85.72% -12.25% 7 
Cg2 659.32% 36.63% 18 14.14% 659.32% 36.63% 18     
Cg2 -9.67% -2.42% 4 12.66% 9.33% 9.33% 1 -19.00% -6.33% 3 
Cg2 39.40% 2.19% 18 6.09% 118.90% 10.81% 11 -79.49% -11.36% 7 
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Cg2 218.07% 10.90% 20 5.13% 248.15% 15.51% 16 -30.07% -7.52% 4 
Cg2 115.22% 14.40% 8 11.68% 126.41% 18.06% 7 -11.18% -11.18% 1 
Cg2 956.26% 39.84% 24 11.60% 956.26% 39.84% 24 956.26% 39.84% 24 
Cg2 450.14% 30.01% 15 10.16% 450.14% 30.01% 15     
Cg2 221.44% 13.03% 17 2.48% 221.44% 13.03% 17     
Cg2 235.57% 18.12% 13 12.25% 271.39% 30.15% 9 -35.81% -8.95% 4 
Cg2 251.41% 10.93% 23 6.80% 335.52% 19.74% 17 -84.11% -14.02% 6 
Cg2 212.26% 12.49% 17 2.70% 212.26% 12.49% 17     
Cg2 378.24% 21.01% 18 3.06% 378.24% 21.01% 18     
Cg2 -1.90% -0.17% 11 7.85% 58.57% 9.76% 6 -60.48% -12.10% 5 
Cg3 -240.33% -11.44% 21 10.70% 119.57% 23.91% 5 -359.90% -22.49% 16 
Cg3 -82.53% -8.25% 10 8.73% 25.23% 8.41% 3 -107.76% -15.39% 7 
Cg3 70.92% 3.73% 19 7.37% 163.26% 18.14% 9 -92.34% -9.23% 10 
Cg3 7.62% 1.52% 5 8.38% 19.24% 6.41% 3 -11.63% -5.81% 2 
Cg3 21.98% 2.75% 8 6.73% 41.96% 6.99% 6 -19.98% -9.99% 2 
Cg3 -49.55% -8.26% 6 4.16%     -49.55% -8.26% 6 
Cg3 453.26% 20.60% 22 3.74% 453.26% 20.60% 22     
Cg3 1073.54% 46.68% 23 10.67% 1073.54% 46.68% 23     
Cg3 759.50% 34.52% 22 8.06% 759.50% 34.52% 22     
Cg3 198.23% 11.01% 18 3.61% 210.44% 12.38% 17 -12.21% -12.21% 1 
Cg3 373.44% 16.24% 23 3.31% 373.44% 16.24% 23     
Cg3 -46.20% -4.20% 11 5.30% 21.76% 7.25% 3 -67.97% -8.50% 8 
Cg3 31.33% 7.83% 4 3.53% 31.33% 7.83% 4     
Cg3 467.30% 22.25% 21 4.97% 467.30% 22.25% 21     
Cg3 102.24% 10.22% 10 5.68% 108.72% 12.08% 9 -6.47% -6.47% 1 
Cg4 -169.71% -12.12% 14 7.77% 27.28% 9.09% 3 -196.99% -17.91% 11 
Cg4 42.68% 3.56% 12 11.40% 118.80% 19.80% 6 -76.12% -12.69% 6 
Cg4 175.57% 7.63% 23 8.77% 285.01% 21.92% 13 -109.44% -10.94% 10 
Cg4 -56.86% -4.74% 12 3.48% 13.00% 6.50% 2 -69.86% -6.99% 10 
Cg4 -135.55% -9.04% 15 2.97% 6.86% 6.86% 1 -142.41% -10.17% 14 
Cg4 -117.56% -10.69% 11 3.84%     -117.56% -10.69% 11 
Cg4 568.70% 24.73% 23 4.82% 568.70% 24.73% 23     
Cg4 749.99% 31.25% 24 4.31% 749.99% 31.25% 24     
Cg4 490.30% 27.24% 18 7.16% 490.30% 27.24% 18     
Cg4 168.17% 11.21% 15 4.60% 180.96% 13.92% 13 -12.79% -6.40% 2 
Cg4 194.40% 19.44% 10 7.11% 201.99% 22.44% 9 -7.59% -7.59% 1 
Cg4 26.52% 1.33% 20 7.21% 154.33% 11.87% 13 -127.81% -18.26% 7 
Cg4 63.13% 7.89% 8 1.83% 63.13% 7.89% 8     
Cg4 -62.91% -7.86% 8 6.39% 6.00% 6.00% 1 -68.91% -9.84% 7 
Cg4 33.99% 2.43% 14 5.41% 79.53% 8.84% 9 -45.53% -9.11% 5 
Cg5 -72.17% -6.01% 12 19.84% 105.45% 21.09% 5 -177.61% -25.37% 7 
Cg5 311.85% 15.59% 20 9.79% 382.64% 25.51% 15 -70.79% -14.16% 5 
Cg5 279.42% 16.44% 17 11.73% 328.99% 27.42% 12 -49.57% -9.91% 5 
Cg5 -170.80% -11.39% 15 2.10%     -170.80% -11.39% 15 
Cg5 -81.89% -5.12% 16 8.81% 69.46% 8.68% 8 -151.35% -18.92% 8 
Cg5 -77.68% -6.47% 12 11.00% 54.22% 10.84% 5 -131.90% -18.84% 7 
Cg5 584.01% 32.44% 14 5.79% 584.01% 32.44% 18     
Cg5 1064.35% 46.28% 23 9.02% 1064.35% 46.28% 23     
Cg5 612.91% 25.54% 24 7.66% 612.91% 25.54% 24     
Cg5 533.70% 25.41% 21 4.42% 533.70% 25.41% 21     
Cg5 563.36% 25.61% 22 8.63% 570.94% 27.19% 21 -7.57% -7.57% 1 
Cg5 219.15% 11.53% 19 2.51% 219.15% 11.53% 19     
Cg5 -89.39% -5.59% 16 6.91% 56.95% 18.98% 3 -146.34% -11.26% 13 
Cg5 714.39% 29.77% 24 5.77% 714.39% 29.77% 24     
Cg5 192.18% 9.15% 21 5.45% 242.11% 16.14% 15 -49.93% -8.32% 6 
Cg6 141.46% 8.84% 16 8.08% 195.56% 16.30% 12 -54.11% -13.53% 4 
Cg6 482.76% 20.11% 24 3.80% 482.76% 20.11% 24     
Cg6 437.34% 19.88% 22 4.80% 437.34% 19.88% 22     
Cg6 -252.22% -13.27% 19 3.02%     -252.22% -13.27% 19 
Cg6 27.25% 4.54% 6 9.46% 40.32% 8.06% 5 -13.07% -13.07% 1 
Cg6 17.87% 3.57% 5 13.48% 34.02% 11.34% 3 -16.15% -8.07% 2 
Cg6 96.15% 16.03% 6 15.57% 102.38% 20.48% 5 -6.23% -6.23% 1 
Cg6 1022.44% 44.45% 23 11.00% 1022.44% 44.45% 23     
Cg6 742.55% 30.94% 24 5.56% 742.55% 30.94% 24     
Cg6 800.10% 47.06% 17 20.23% 800.10% 47.06% 17     
Cg6 846.95% 38.50% 22 12.63% 863.64% 43.18% 20 -16.69% -8.34% 2 
Cg6 69.25% 6.93% 10 9.31% 96.96% 13.85% 7 -27.71% -9.24% 3 
Cg6 233.56% 12.29% 19 2.27% 233.56% 12.29% 19     
Cg6 79.03% 7.90% 10 3.65% 84.45% 9.38% 9 -5.43% -5.43% 1 
Cg6 298.08% 19.87% 15 9.23% 323.45% 26.95% 12 -25.37% -8.46% 3 
Cg 
PDR1 -320.79% -24.68% 13 6.05%     -320.79% -24.68% 13 
ATCC 
2001 -260.50% -16.28% 16 8.58% 6.42% 6.42% 1 -266.92% -17.79% 15 
ATCC 
2001 -213.22% -15.23% 14 10.66% 16.59% 8.30% 2 -229.81% -19.15% 12 
ATCC 
2001 -231.19% -12.84% 18 10.96% 53.05% 7.58% 7 -284.24% -25.84% 11 
ATCC 
2001 -321.09% -35.68% 9 16.02%     -321.09% -35.68% 9 
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Unsuccessful attempts of constructing ERG11 knock-out mutant. 
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Hits from the chemogenomic screening against fluconazole, mycophenolic acid, the 
combination of both, and observation of the antagonistic interaction. 
FLC MPA FLC+MPA Antagonism ORF Gene 
SE SE/NIL (SE) ++ CAGL0D03850g ZCF7 
SE SE (SE) ++ CAGL0K06963g ROT2 
SE SE (SE) + CAGL0M06875g SSN8 
SE SE (SE) + CAGL0I10769g MCM1 
SE SE (SE) + CAGL0L12650g SSN3 
NIL SE (SE) + CAGL0L05412g ASF1 
NIL SE (SE) ++ CAGL0F08041g PFK1 
NIL SE (SE) ++ CAGL0B01991g SWF1 
SE NIL (SE) ++ CAGL0H06215g GAL11A 
NIL NIL (SE) (+) CAGL0K08690g  
SE SE NIL ++ CAGL0M05841g KTR2 
SE SE NIL + CAGL0B01441g RPD3 
SE SE NIL ++ CAGL0D02750g  
SE SE NIL ++ CAGL0D00242g CNE1 
SE SE NIL ++ CAGL0L11110g CNA1 
NIL SE NIL + CAGL0L06226g HEK2 
RE RE NIL + CAGL0G09020g TPK2 
SE NIL NIL ++ CAGL0E02629g ALG6 
SE NIL NIL ++ CAGL0H01287g SSD1 
SE NIL NIL ++ CAGL0M08910g SNF1 
RE/SE NIL NIL + CAGL0I00946g CKB2 
(SE) NIL NIL ++ CAGL0E06028g ALG5 
SE DD RE+SE NIL ++ CAGL0M08778g SWM1 
SE (SE) NIL +++ CAGL0L00605g CNB1 
(SE) (SE) NIL +++ CAGL0F04873g KRE6 
(RE) (SE) NIL + CAGL0G02035g CKA2 
SE (RE) NIL ++ CAGL0L11528g BIG1 
SE (RE) NIL ++ CAGL0K05841g HAP1 
SE + DD 
(RE) 
SE + DD 
(RE)/RE 
SE +++ CAGL0J08569g OST3 
SE SE SE ** CAGL0K03399g YPK1 
SE SE SE * CAGL0C03399g POP2 
NIL SE SE + CAGL0G06754g CDC10 
NIL SE SE ++ CAGL0D03146g SYS1 
SE NIL SE ++ CAGL0A00451g PDR1 
SE NIL SE ++ CAGL0M01760g CDR1 
RE – resistant; SE – sensitive; () – weaker phenotype; + – antagonism present; * – 
antagonism not present; DD – dose dependent  
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List of significant differentially expressed genes (FDR < 0.05) from the transcriptomics. 
ORF Gene SC_Gene SC_ORF 
logFC 
FLC T1 
CAGL0L06094g STR3 STR3 YGL184C 4.721 
CAGL0K08668g MET28 MET28 YIR017C 4.720 
CAGL0F07029g MET13 MET13 YGL125W 3.538 
CAGL0F08745g  STF2 YGR008C 3.403 
CAGL0K06677g MET8 MET8 YBR213W 2.678 
CAGL0J03916g  HES1 YOR237W 2.457 
CAGL0G09064g  YIG1 YPL201C 2.406 
CAGL0I04994g MET6 MET6 YER091C 2.402 
CAGL0E04004g  MUP3 YHL036W 2.133 
CAGL0J03762g MET7 MET7 YOR241W 2.077 
CAGL0L10714g ERG2 ERG2 YMR202W 2.015 
CAGL0I01276g  YHR112C YHR112C 1.951 
CAGL0F01793g ERG3 ERG3 YLR056W 1.945 
CAGL0D05940g ERG1 ERG1 YGR175C 1.943 
CAGL0D06402g MET15 MET17 YLR303W 1.898 
CAGL0M12551g  RGI2 YIL057C 1.893 
CAGL0M07634g  SOK2 YMR016C 1.873 
CAGL0H08261g  JIP4 YDR475C 1.799 
CAGL0H08261g  YOR019W YOR019W 1.799 
CAGL0H08844g  DDR48 YMR173W 1.754 
CAGL0C02233g  MXR1 YER042W 1.743 
CAGL0B03839g MET3 MET3 YJR010W 1.741 
CAGL0L05742g  MRS3 YJL133W 1.704 
CAGL0J03080g  RGI1 YER067W 1.690 
CAGL0K04367g  MUP1 YGR055W 1.653 
CAGL0M03839g  BXI1 YNL305C 1.638 
CAGL0K04477g  ERG25 YGR060W 1.570 
CAGL0I05934g  YJL144W YJL144W 1.548 
CAGL0L11902g  ADK2 YER170W 1.544 
CAGL0C01397g  PFK26 YIL107C 1.544 
CAGL0M07612g  FMS1 YMR020W 1.543 
CAGL0J08316g  MET2 YNL277W 1.507 
CAGL0K12100g  HEM13 YDR044W 1.505 
CAGL0J11484g DUG3 DUG3 YNL191W 1.496 
CAGL0K03459g  SPG4 YMR107W 1.423 
CAGL0J10846g  PCL5 YHR071W 1.409 
CAGL0L02937g HIS3 HIS3 YOR202W 1.394 
CAGL0J09020g  SNF3 YDL194W 1.389 
CAGL0J05126g BNA3 BNA3 YJL060W 1.388 
CAGL0E04334g ERG11 ERG11 YHR007C 1.373 
CAGL0K03905g  REC114 YMR133W 1.346 
CAGL0K08272g  YSR3 YKR053C 1.335 
CAGL0J04158g RCN2 RCN2 YOR220W 1.334 
CAGL0L00759g HIS1 HIS1 YER055C 1.331 
CAGL0C02321g PHM8 PHM8 YER037W 1.319 
CAGL0D05280g  MET10 YFR030W 1.318 
CAGL0M07403g OAZ1 OAZ1 YPL052W 1.302 
CAGL0K00715g RTA1 RTA1 YGR213C 1.297 
CAGL0C05533g  AIM6 YDL237W 1.289 
CAGL0K04719g  YNL208W YNL208W 1.281 
CAGL0H00704g  ATG41 YPL250C 1.279 
CAGL0G06732g  LEU9 YOR108W 1.278 
CAGL0L02321g  MET14 YKL001C 1.274 
CAGL0K12760g  LAM5 YFL042C 1.269 
CAGL0G00550g  HUA1 YGR268C 1.268 
CAGL0M03971g  SKP2 YNL311C 1.266 
CAGL0J04466g  PUN1 YLR414C 1.239 
CAGL0M04191g YPS1 MKC7 YDR144C 1.238 
CAGL0M04191g YPS1 YPS1 YLR120C 1.238 
CAGL0B00946g  RNQ1 YCL028W 1.235 
CAGL0I00902g  GAT2 YMR136W 1.208 
CAGL0M07656g ERG5 ERG5 YMR015C 1.185 
CAGL0K04037g FKS2 GSC2 YGR032W 1.167 
CAGL0M10417g  RCR1 YBR005W 1.165 
CAGL0M10417g  RCR2 YDR003W 1.165 
CAGL0H04037g  GAC1 YOR178C 1.158 
CAGL0H03795g LEU2 LEU2 YCL018W 1.153 
CAGL0L07480g  NRG2 YBR066C 1.144 
CAGL0B00902g HIS4 HIS4 YCL030C 1.140 
CAGL0B03663g  CIT2 YCR005C 1.134 
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CAGL0J08415g SAM2 SAM2 YDR502C 1.124 
CAGL0K04169g  KSS1 YGR040W 1.117 
CAGL0H09504g  HEM14 YER014W 1.110 
CAGL0G04499g  SET4 YJL105W 1.107 
CAGL0A00429g ERG4 ERG4 YGL012W 1.099 
CAGL0J00539g SLT2 SLT2 YHR030C 1.082 
CAGL0K12474g  CAF16 YFL028C 1.080 
CAGL0F08965g  MSC7 YHR039C 1.024 
CAGL0C01595g  HIS7 YBR248C 1.018 
CAGL0G09020g  TPK2 YPL203W 0.988 
CAGL0G08954g  DCV1 YFR012W 0.988 
CAGL0G08954g  YOL019W YOL019W 0.988 
CAGL0E04884g  ADR1 YDR216W 0.981 
CAGL0G05698g GDH2 GDH2 YDL215C 0.981 
CAGL0I02970g  ERG24 YNL280C 0.979 
CAGL0L02827g  PTP2 YOR208W 0.962 
CAGL0B03289g  DUG2 YBR281C 0.959 
CAGL0M00550g  STR2 YJR130C 0.959 
CAGL0K00913g  ADE3 YGR204W 0.957 
CAGL0I06094g FBP26 FBP26 YJL155C 0.943 
CAGL0H02563g  HOR7 YMR251W-A 0.931 
CAGL0M12320g  FLC2 YAL053W 0.916 
CAGL0F07007g  PKP2 YGL059W 0.913 
CAGL0F06941g PYC1 PYC1 YGL062W 0.892 
CAGL0F06941g PYC1 PYC2 YBR218C 0.892 
CAGL0H06545g  ATG32 YIL146C 0.887 
CAGL0L12562g  MET31 YPL038W 0.885 
CAGL0L12562g  MET32 YDR253C 0.885 
CAGL0H05005g  CSR1 YLR380W 0.858 
CAGL0B03619g  PRB1 YEL060C 0.857 
CAGL0L09251g  HAL1 YPR005C 0.856 
CAGL0K02145g  COM2 YER130C 0.844 
CAGL0I08591g  AFR1 YDR085C 0.843 
CAGL0I08591g  YER158C YER158C 0.843 
CAGL0L02079g  CTP1 YBR291C 0.842 
CAGL0L10186g  TMC1 YOR052C 0.828 
CAGL0K09350g  SIP2 YGL208W 0.828 
CAGL0G08646g  POG1 YIL122W 0.826 
CAGL0B03047g ILV5 ILV5 YLR355C 0.824 
CAGL0H08888g  FLC3 YGL139W 0.824 
CAGL0K03553g FOL3 FOL3 YMR113W 0.820 
CAGL0K03553g FOL3 RMA1 YKL132C 0.820 
CAGL0K07788g  LYS2 YBR115C 0.817 
CAGL0G08338g  CSC1 YLR241W 0.810 
CAGL0L07810g  SAT4 YCR008W 0.805 
CAGL0K03927g  ERG29 YMR134W 0.802 
CAGL0C00319g  CPS1 YJL172W 0.798 
CAGL0B01925g  KIN1 YDR122W 0.797 
CAGL0M11462g  ICT1 YLR099C 0.795 
CAGL0H02585g  GAD1 YMR250W 0.793 
CAGL0K02761g  HSE1 YHL002W 0.790 
CAGL0M08206g  TOH1 YJL171C 0.785 
CAGL0F06743g  DAL81 YIR023W 0.775 
CAGL0D04114g NCP1 NCP1 YHR042W 0.774 
CAGL0C03443g LYS9 LYS9 YNR050C 0.764 
CAGL0G09449g CRH1 CRH1 YGR189C 0.760 
CAGL0D03982g  PUT2 YHR037W 0.758 
CAGL0C01243g  HIS5 YIL116W 0.754 
CAGL0F04741g  CMK1 YFR014C 0.752 
CAGL0F04741g  CMK2 YOL016C 0.752 
CAGL0H06721g  UBP7 YIL156W 0.750 
CAGL0L01177g FRDS1 FRD1 YEL047C 0.749 
CAGL0G02585g LYS12 LYS12 YIL094C 0.749 
CAGL0C03509g  FPK1 YNR047W 0.745 
CAGL0C03509g  KIN82 YCR091W 0.745 
CAGL0C04609g  YUH1 YJR099W 0.743 
CAGL0M06347g  YPC1 YBR183W 0.741 
CAGL0L04598g  DCS2 YOR173W 0.740 
CAGL0B02860g  ATG33 YLR356W 0.738 
CAGL0B02860g  SCM4 YGR049W 0.738 
CAGL0D04136g  SRB2 YHR041C 0.737 
CAGL0G00594g  ERG26 YGL001C 0.735 
CAGL0F04807g  OM45 YIL136W 0.728 
CAGL0I05830g VPS27 VPS27 YNR006W 0.723 
CAGL0L00649g  ACS1 YAL054C 0.717 
CAGL0L01749g  PRI2 YKL045W 0.707 
CAGL0J00561g  YHI9 YHR029C 0.706 
CAGL0A00451g PDR1 PDR1 YGL013C 0.703 
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CAGL0A00451g PDR1 PDR3 YBL005W 0.703 
CAGL0A04081g  NCW2 YLR194C 0.700 
CAGL0D06600g  KNS1 YLL019C 0.698 
CAGL0M09108g  JSN1 YJR091C 0.687 
CAGL0F02013g  WWM1 YFL010C 0.681 
CAGL0J11506g  CHS1 YNL192W 0.670 
CAGL0D05170g PHO4 PHO4 YFR034C 0.668 
CAGL0L00539g  ADD37 YMR184W 0.668 
CAGL0I00836g  SIP5 YMR140W 0.668 
CAGL0J11704g  MVP1 YMR004W 0.662 
CAGL0I07821g  DUF1 YOL087C 0.661 
CAGL0G06402g  CIR2 YOR356W 0.659 
CAGL0F08503g  FOL2 YGR267C 0.657 
CAGL0J08635g  VPS21 YOR089C 0.653 
CAGL0J08635g  YPT53 YNL093W 0.653 
CAGL0G01320g  MSG5 YNL053W 0.648 
CAGL0G01320g  SDP1 YIL113W 0.648 
CAGL0J11308g  NPR1 YNL183C 0.644 
CAGL0J11308g  PRR2 YDL214C 0.644 
CAGL0J08437g  LPP1 YDR503C 0.638 
CAGL0A04477g  UBP13 YBL067C 0.633 
CAGL0L10692g  RAD14 YMR201C 0.633 
CAGL0L03828g  CYB5 YNL111C 0.630 
CAGL0B02233g  GPI1 YGR216C 0.624 
CAGL0K08800g ADI1 ADI1 YMR009W 0.623 
CAGL0L02101g  BSD2 YBR290W 0.617 
CAGL0D05918g ATF2 ATF2 YGR177C 0.612 
CAGL0F07799g  EAR1 YMR171C 0.609 
CAGL0E05918g  PCL10 YGL134W 0.608 
CAGL0E05918g  PCL8 YPL219W 0.608 
CAGL0E02981g  GPC1 YGR149W 0.603 
CAGL0B02739g STE11 STE11 YLR362W 0.599 
CAGL0J11176g  TDA7 YNL176C 0.598 
CAGL0J11176g  YDL211C YDL211C 0.598 
CAGL0M07381g  KTR6 YPL053C 0.597 
CAGL0M05049g  DFG5 YMR238W 0.595 
CAGL0M06831g CRZ1 CRZ1 YNL027W 0.581 
CAGL0L13134g  LAM6 YLR072W 0.574 
CAGL0G04741g  LEU4 YNL104C 0.566 
CAGL0K05291g SRO7 SRO7 YPR032W 0.566 
CAGL0K05291g SRO7 SRO77 YBL106C 0.566 
CAGL0I04554g GRX7 GRX7 YBR014C 0.553 
CAGL0G01342g  VAC7 YNL054W 0.539 
CAGL0K10978g  LYS4 YDR234W 0.539 
CAGL0J03344g  UTP7 YER082C -0.518 
CAGL0M11110g  RRP1 YDR087C -0.526 
CAGL0M07227g  UTP9 YHR196W -0.556 
CAGL0F07645g  UTP11 YKL099C -0.564 
CAGL0K05995g  LCB5 YLR260W -0.565 
CAGL0L03047g  DBP7 YKR024C -0.566 
CAGL0J01023g  TAD2 YJL035C -0.572 
CAGL0D02838g  RIX7 YLL034C -0.583 
CAGL0G08294g  GPN3 YLR243W -0.584 
CAGL0B00352g  KRR1 YCL059C -0.584 
CAGL0E03069g  ENP2 YGR145W -0.588 
CAGL0B00616g  SPS22 YCL048W -0.590 
CAGL0L07678g  DIM1 YPL266W -0.604 
CAGL0L05566g  GCD14 YJL125C -0.605 
CAGL0M05445g  COS111 YBR203W -0.607 
CAGL0A03674g  BMT2 YBR141C -0.608 
CAGL0J11066g  NOC3 YLR002C -0.608 
CAGL0I10560g  UTP8 YGR128C -0.618 
CAGL0K09284g  PWP2 YCR057C -0.631 
CAGL0K09460g  PNO1 YOR145C -0.635 
CAGL0F04983g  DBP9 YLR276C -0.639 
CAGL0C00759g  CRF1 YDR223W -0.648 
CAGL0C00759g  IFH1 YLR223C -0.648 
CAGL0L03846g  DBP2 YNL112W -0.650 
CAGL0C01639g  ENP1 YBR247C -0.650 
CAGL0L10912g  TPO4 YOR273C -0.656 
CAGL0M05203g  RRN3 YKL125W -0.657 
CAGL0G08316g ARV1 ARV1 YLR242C -0.668 
CAGL0C05115g ARG1 ARG1 YOL058W -0.668 
CAGL0C04917g  CPA2 YJR109C -0.680 
CAGL0E02343g  RCL1 YOL010W -0.684 
CAGL0D00220g  ECM1 YAL059W -0.685 
CAGL0J11792g  RRN11 YML043C -0.685 
CAGL0A02321g  HXT5 YHR096C -0.687 
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CAGL0B04169g  MRD1 YPR112C -0.689 
CAGL0L10890g  YTM1 YOR272W -0.690 
CAGL0M14047g  ADH6 YMR318C -0.693 
CAGL0C02211g UTR2 UTR2 YEL040W -0.700 
CAGL0I02376g  NOP19 YGR251W -0.702 
CAGL0J10252g  IMP4 YNL075W -0.710 
CAGL0J00385g  FSH1 YHR049W -0.710 
CAGL0K06215g  UTP6 YDR449C -0.716 
CAGL0L00561g  SSO1 YPL232W -0.718 
CAGL0K08316g RHO4 RHO4 YKR055W -0.718 
CAGL0G05742g  NOP6 YDL213C -0.732 
CAGL0F06589g  KAR5 YMR065W -0.737 
CAGL0G05566g  FMP45 YDL222C -0.737 
CAGL0J08184g  ALP1 YNL270C -0.741 
CAGL0I10670g  NOC4 YPR144C -0.743 
CAGL0G03927g TPO1_1 TPO1 YLL028W -0.779 
CAGL0I10791g  ARG3 YJL088W -0.788 
CAGL0H05115g  SWC7 YLR385C -0.810 
CAGL0G00264g  PXR1 YGR280C -0.853 
CAGL0I03586g  MSH5 YDL154W -0.906 
CAGL0B01507g ARG8 ARG8 YOL140W -0.943 
CAGL0L10142g RSB1 RSB1 YOR049C -1.008 
CAGL0F05709g  ATC1 YDR184C -1.146 
CAGL0E02255g  ZEO1 YOL109W -1.216 
 
ORF Gene SC_Gene SC_ORF 
logFC 
FLC T2 
CAGL0L06094g STR3 STR3 YGL184C 4.015 
CAGL0F08745g ? STF2 YGR008C 3.756 
CAGL0I00286g ? HXT2 YMR011W 3.335 
CAGL0B02838g MUP1 MUP1 YGR055W 3.193 
CAGL0K08668g MET28 MET28 YIR017C 2.905 
CaglfMp02 VAR1 VAR1 Q0140 2.814 
CAGL0L08547g ? ? ? 2.306 
CAGL0E01771g YPS5 YPS1 YLR120C 2.304 
CAGL0F07029g MET13 MET13 YGL125W 2.279 
CAGL0K08954g ? CDC31 YOR257W 2.262 
CAGL0J03916g ? HES1 YOR237W 2.254 
CAGL0H06622g ? ? ? 2.014 
CAGL0E04004g ? MUP3 YHL036W 1.828 
CAGL0J11484g DUG3 DUG3 YNL191W 1.820 
CAGL0K09130g ? SRL1 YOR247W 1.731 
CAGL0G01903g MET1 MET1 YKR069W 1.727 
CAGL0M07403g OAZ1 OAZ1 YPL052W 1.714 
CAGL0K00715g RTA1 RTA1 YGR213C 1.687 
CAGL0B03839g MET3 MET3 YJR010W 1.677 
CAGL0C02233g ? MXR1 YER042W 1.660 
CAGL0K06677g MET8 MET8 YBR213W 1.640 
CAGL0D01584g ? JID1 YPR061C 1.640 
CAGL0D00869g ? ? ? 1.614 
CAGL0A01089g ? PBI1 YPL272C 1.607 
CAGL0F03641g ? YML018C YML018C 1.599 
CAGL0G04499g ? SET4 YJL105W 1.561 
CAGL0D05940g ERG1 ERG1 YGR175C 1.548 
CAGL0L05742g ? MRS3 YJL133W 1.542 
CAGL0L10714g ERG2 ERG2 YMR202W 1.521 
CAGL0M00374g ? MET5 YJR137C 1.470 
CAGL0B00715g ? ? ? 1.463 
CAGL0K03905g ? REC114 YMR133W 1.414 
CAGL0J04466g ? PUN1 YLR414C 1.387 
CAGL0K04367g ? MUP1 YGR055W 1.373 
CAGL0K12430g STE2 STE2 YFL026W 1.368 
CAGL0L03828g ? CYB5 YNL111C 1.340 
CAGL0J03740g ? SSP2 YOR242C 1.331 
CAGL0I04994g MET6 MET6 YER091C 1.309 
CAGL0M07612g ? FMS1 YMR020W 1.291 
CAGL0L05720g ? YJL132W YJL132W 1.283 
CAGL0J03762g MET7 MET7 YOR241W 1.279 
CAGL0L06776g ? GAT2 YMR136W 1.248 
CAGL0M00154g CYN1 LYP1 YNL268W 1.245 
CAGL0L02321g ? MET14 YKL001C 1.234 
CAGL0D05280g ? MET10 YFR030W 1.219 
CAGL0C05621g ? ? ? 1.214 
CAGL0K11594g ? VPH2 YKL119C 1.193 
CAGL0K08800g ADI1 ADI1 YMR009W 1.175 
CAGL0M04103g ? HXT14 YNL318C 1.171 
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CAGL0M09020g ? SFC1 YJR095W 1.155 
CAGL0E04334g ERG11 ERG11 YHR007C 1.139 
CAGL0I06050g INO1 INO1 YJL153C 1.137 
CAGL0L09372g ? ? ? 1.137 
CAGL0D01474g ? AIM3 YBR108W 1.123 
CAGL0K12760g ? LAM5 YFL042C 1.120 
CAGL0F01793g ERG3 ERG3 YLR056W 1.118 
CAGL0B03289g ? DUG2 YBR281C 1.106 
CAGL0D00902g ? RAD59 YDL059C 1.097 
CAGL0B03663g ? CIT2 YCR005C 1.091 
CAGL0J08316g ? MET2 YNL277W 1.089 
CAGL0G00550g ? HUA1 YGR268C 1.052 
CAGL0M04125g ? YNL320W YNL320W 1.039 
CAGL0D06402g MET15 MET17 YLR303W 1.012 
CAGL0J01870g ? PMR1 YGL167C 0.993 
CAGL0B02755g ? YLR361C-A YLR361C-A 0.991 
CAGL0M03839g ? BXI1 YNL305C 0.989 
CAGL0F08965g ? MSC7 YHR039C 0.982 
CAGL0L06072g ? COM2 YER130C 0.979 
CAGL0M10417g ? RCR1 YBR005W 0.973 
CAGL0J04158g RCN2 RCN2 YOR220W 0.972 
CAGL0K08272g ? YSR3 YKR053C 0.972 
CAGL0K04477g ? ERG25 YGR060W 0.971 
CAGL0I05934g ? YJL144W YJL144W 0.952 
CAGL0K06380g ? ? ? 0.948 
CAGL0C04763g ? RER1 YCL001W 0.921 
CAGL0B03311g ? SAF1 YBR280C 0.913 
CAGL0G07601g ? YBR287W YBR287W 0.897 
CAGL0K08338g ? YOR385W YOR385W 0.891 
CAGL0J09020g ? SNF3 YDL194W 0.889 
CAGL0K09350g ? SIP2 YGL208W 0.878 
CAGL0H09504g ? HEM14 YER014W 0.874 
CAGL0J05126g BNA3 BNA3 YJL060W 0.871 
CAGL0L02827g ? PTP2 YOR208W 0.864 
CAGL0G08338g ? CSC1 YLR241W 0.859 
CAGL0K07271g ? GIS4 YML006C 0.844 
CAGL0I04004g ? YDL183C YDL183C 0.835 
CAGL0J10846g ? PCL5 YHR071W 0.834 
CAGL0K03927g ? ERG29 YMR134W 0.819 
CAGL0I07051g ? CLG1 YGL215W 0.807 
CAGL0H00704g ? ATG41 YPL250C 0.805 
CAGL0J05830g ? YNL144C YNL144C 0.804 
CAGL0A00451g PDR1 PDR1 YGL013C 0.801 
CAGL0J00539g SLT2 SLT2 YHR030C 0.801 
CAGL0C02651g ? ATP10 YLR393W 0.787 
CAGL0L10186g ? TMC1 YOR052C 0.784 
CAGL0M12320g ? FLC2 YAL053W 0.780 
CAGL0D05324g ? MTC4 YBR255W 0.773 
CAGL0M06347g ? YPC1 YBR183W 0.772 
CAGL0H05005g ? CSR1 YLR380W 0.768 
CAGL0A01199g DIP5 DIP5 YPL265W 0.762 
CAGL0I08503g ? MET16 YPR167C 0.760 
CAGL0H03619g ? YNL011C YNL011C 0.758 
CAGL0M01760g CDR1 PDR5 YOR153W 0.755 
CAGL0K03553g FOL3 FOL3 YMR113W 0.755 
CAGL0M05049g ? DFG5 YMR238W 0.754 
CAGL0A00429g ERG4 ERG4 YGL012W 0.746 
CAGL0B02233g ? GPI1 YGR216C 0.745 
CAGL0I05830g VPS27 VPS27 YNR006W 0.732 
CAGL0B01925g ? KIN1 YDR122W 0.731 
CAGL0K12892g ? RGD2 YFL047W 0.730 
CAGL0G09152g ? OXR1 YPL196W 0.721 
CAGL0H06721g ? UBP7 YIL156W 0.711 
CAGL0K03949g ? GID8 YMR135C 0.708 
CAGL0A04477g ? UBP13 YBL067C 0.694 
CAGL0J04554g ? AAT2 YLR027C 0.683 
CAGL0L01067g ? PAR32 YDL173W 0.677 
CAGL0M01628g ? SAC7 YDR389W 0.677 
CAGL0G06358g ? SNC1 YAL030W 0.674 
CAGL0M07656g ERG5 ERG5 YMR015C 0.674 
CAGL0M07381g ? KTR6 YPL053C 0.673 
CAGL0I04620g ? CST26 YBR042C 0.671 
CAGL0I08745g ? PSD2 YGR170W 0.654 
CAGL0F05929g ? RCH1 YMR034C 0.650 
CAGL0J11704g ? MVP1 YMR004W 0.649 
CAGL0K12474g ? CAF16 YFL028C 0.645 
CAGL0F07799g ? EAR1 YMR171C 0.642 
CAGL0L01177g FRDS1 FRD1 YEL047C 0.633 
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CAGL0F08943g ? RRF1 YHR038W 0.629 
CAGL0E01793g YPS6 YPS1 YLR120C 0.620 
CAGL0I01518g ? VPS55 YJR044C 0.620 
CAGL0L07480g ? NRG2 YBR066C 0.601 
CAGL0L02101g ? BSD2 YBR290W 0.594 
CAGL0M06545g ? SSH4 YKL124W 0.593 
CAGL0K02761g ? HSE1 YHL002W 0.591 
CAGL0L10692g ? RAD14 YMR201C 0.582 
CAGL0H00418g ? TMT1 YER175C 0.551 
CAGL0L06374g ? SLO1 YER180C-A 0.545 
CAGL0B02739g STE11 STE11 YLR362W 0.525 
CAGL0M03971g ? SKP2 YNL311C 0.524 
CAGL0K05291g SRO7 SRO7 YPR032W 0.500 
CAGL0L11110g CNA1 CMP2 YML057W 0.494 
CAGL0F08503g ? FOL2 YGR267C 0.483 
CAGL0A03927g ? MSS51 YLR203C -0.505 
CAGL0I09724g ? MCH5 YOR306C -0.525 
CAGL0H01177g ? DPP1 YDR284C -0.559 
CAGL0G08019g ? YDR090C YDR090C -0.565 
CAGL0H00594g ? BBP1 YPL255W -0.591 
CAGL0I03080g URA3 URA3 YEL021W -0.596 
CAGL0E02233g ? PCL1 YNL289W -0.617 
CAGL0L01551g ? SUR7 YML052W -0.629 
CAGL0F07579g CWP1.2 CWP1 YKL096W -0.630 
CAGL0A01628g MIG1 MIG1 YGL035C -0.633 
CAGL0K11880g ? MRH1 YDR033W -0.634 
CAGL0M14025g ? YMR315W YMR315W -0.634 
CAGL0B04433g ? FUR4 YBR021W -0.655 
CAGL0G02013g ? AIM29 YKR074W -0.657 
CAGL0L05676g ? URA2 YJL130C -0.675 
CAGL0E04356g ? SOD2 YHR008C -0.676 
CAGL0J06512g ? CAC2 YML102W -0.676 
CAGL0J01265g ? UTP15 YMR093W -0.680 
CAGL0G03927g TPO1_1 TPO1 YLL028W -0.684 
CAGL0B02475g PHO84 PHO84 YML123C -0.687 
CAGL0F05071g ? ECI1 YLR284C -0.688 
CAGL0G04213g ? RNR2 YJL026W -0.699 
CAGL0I09746g ? SLY41 YOR307C -0.702 
CAGL0L13332g EPA13 FLO9 YAL063C -0.738 
CAGL0M11000g ? EGO4 YNR034W-A -0.743 
CAGL0G04631g ? IZH1 YDR492W -0.743 
CAGL0L10912g ? TPO4 YOR273C -0.766 
CAGL0G07249g ? YHP1 YDR451C -0.782 
CAGL0I07491g ? IZH4 YOL101C -0.792 
CAGL0H08712g ? ? ? -0.812 
CAGL0M05593g ? YSY6 YBR162W-A -0.828 
CAGL0K00605g ? CDC6 YJL194W -0.848 
CAGL0L10142g RSB1 RSB1 YOR049C -0.856 
CAGL0B00594g ? YCL048W-A YCL048W-A -0.887 
CAGL0C02211g UTR2 UTR2 YEL040W -0.891 
CAGL0H00572g ? ? ? -0.898 
CAGL0J03146g ? RNR1 YER070W -0.927 
CAGL0J04202g HSP12 HSP12 YFL014W -0.935 
CAGL0I00418g ? OLE1 YGL055W -0.947 
CAGL0F01463g TIR1 TIR2 YOR010C -0.965 
CAGL0C04785g ? YJR115W YJR115W -0.986 
CAGL0G00121g ? ? ? -1.049 
CAGL0D00198g ? BDH1 YAL060W -1.062 
CAGL0B01034r tL(CAA)2 ? ? -1.098 
CAGL0L09405r tG(GCC)10 ? ? -1.130 
CAGL0G04851g SUR4 ELO3 YLR372W -1.139 
CAGL0K01067g ? TOM20 YGR082W -1.302 
CAGL0M12430g RHR2 GPP1 YIL053W -1.424 
CAGL0K03135g ? RPS20 YHL015W -1.434 
CAGL0C01793g ? OM14 YBR230C -1.497 
CAGL0G03949g ? ? ? -1.560 
CAGL0E05456g ? FUN19 YAL034C -2.046 
 
ORF Gene SC_Gene SC_ORF 
logFC 
MPA T1 
CAGL0J04202g HSP12 HSP12 YFL014W 2.816 
CAGL0B02838g MUP1 MUP1 YGR055W 2.119 
CAGL0M11000g ? EGO4 YNR034W-A 2.063 
CAGL0E00105g ? ? ? 1.508 
CAGL0G03289g SSA3 SSA3 YBL075C 1.506 
CAGL0G05632g ? YDL218W YDL218W 1.365 
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CAGL0F00649g ? RCK1 YGL158W 1.352 
CAGL0A03410g ? ? ? 1.329 
CAGL0L00157g ? ? ? 1.320 
CAGL0M11660g ? GPP1 YIL053W 1.189 
CAGL0K03459g ? SPG4 YMR107W 1.176 
CAGL0A02321g HXT3 HXT5 YHR096C 1.174 
CAGL0C04070r tT(AGU)2 ? ? 1.120 
CAGL0L06094g STR3 STR3 YGL184C 1.119 
CAGL0D05434g ROX1 ROX1 YPR065W 1.111 
CAGL0C02233g ? MXR1 YER042W 1.036 
CAGL0J00116g ? ? ? 1.008 
CAGL0K04367g ? MUP1 YGR055W 1.002 
CAGL0I10010g ? BTN2 YGR142W 0.980 
CAGL0G04081g ? THI73 YLR004C 0.961 
CAGL0J05984g ? AAH1 YNL141W 0.953 
CAGL0G04433g ? PRM10 YJL108C 0.952 
CAGL0G00121g ? ? ? 0.944 
CAGL0A02233g HXT4/6/7 HXT6 YDR343C 0.900 
CAGL0F07029g MET13 MET13 YGL125W 0.894 
CAGL0K04037g FKS2 GSC2 YGR032W 0.847 
CAGL0I10147g PWP1 FLO1 YAR050W 0.841 
CAGL0K00110g AWP2 ? ? 0.832 
CAGL0I05082g ? PIN4 YBL051C 0.825 
CAGL0M01716g ? TEC1 YBR083W 0.813 
CAGL0F04917g ? PIG1 YLR273C 0.813 
CAGL0I09724g ? MCH5 YOR306C 0.800 
CAGL0I08613g DUR3 DUR3 YHL016C 0.793 
CAGL0K04565g ? VHT1 YGR065C 0.764 
CAGL0K10780g ? IMD4 YML056C 0.753 
CAGL0G09977g GDB1 GDB1 YPR184W 0.745 
CAGL0H02563g ? HOR7 YMR251W-A 0.743 
CAGL0K00170g EPA22 FLO10 YKR102W 0.720 
CAGL0D05082g ? UBI4 YLL039C 0.714 
CAGL0L06072g ? COM2 YER130C 0.691 
CAGL0M00880g CAR2 CAR2 YLR438W 0.683 
CAGL0K02519g ? ? ? 0.669 
CAGL0I06116g ? SSY5 YJL156C 0.655 
CAGL0J03256g ? PTP3 YER075C 0.651 
CAGL0J07084g ? YPL113C YPL113C 0.623 
CAGL0D03894g PRO1 YHR033W YHR033W 0.620 
CAGL0K01969g ? RRN10 YBL025W 0.532 
CAGL0C03740g ? MIT1 YEL007W 0.516 
CAGL0F01265g YAP7 YAP7 YOL028C 0.512 
CAGL0G01320g ? MSG5 YNL053W 0.511 
CAGL0J11506g ? CHS1 YNL192W 0.500 
CAGL0K02387g ? ROK1 YGL171W 0.491 
CAGL0J04466g ? PUN1 YLR414C 0.482 
CAGL0B00484g ? SPB1 YCL054W 0.468 
CAGL0C00275g HSP31 HSP31 YDR533C -0.428 
CAGL0I01320g ? FRD1 YEL047C -0.439 
CAGL0M11242g ? ? YMR226C -0.473 
CAGL0K01133g ? TWF1 YGR080W -0.478 
CAGL0F04125g ? YBL029W YBL029W -0.481 
CAGL0C00451g ? YBR137W YBR137W -0.482 
CAGL0L10912g ? TPO4 YOR273C -0.484 
CAGL0F06017g LYS7 CCS1 YMR038C -0.484 
CAGL0L06666g YHB1 YHB1 YGR234W -0.488 
CAGL0J09394g ? YDL124W YDL124W -0.491 
CAGL0J00187g ? YGR026W YGR026W -0.493 
CAGL0H00781g ? YPL247C YPL247C -0.500 
CAGL0J07810g ? NRD1 YNL251C -0.502 
CAGL0G02893g ? POS5 YPL188W -0.506 
CAGL0F08239g ? COQ6 YGR255C -0.510 
CAGL0H09240g ? MNT3 YIL014W -0.517 
CAGL0K10868g CTA1 CTA1 YDR256C -0.526 
CAGL0I09130g ? PTR3 YFR029W -0.533 
CAGL0B00616g ? SPS22 YCL048W -0.533 
CAGL0J04950g ? IRC8 YJL051W -0.534 
CAGL0B04433g ? FUR4 YBR021W -0.539 
CAGL0M06721g ? CAB2 YIL083C -0.539 
CAGL0L07128g ? UBX3 YDL091C -0.546 
CAGL0G05511g ? WHI4 YDL224C -0.554 
CAGL0A03080g ? SDH6 YDR379C-A -0.560 
CAGL0K10626g ? GSY1 YFR015C -0.571 
CAGL0M13189g MSN4 MSN4 YKL062W -0.575 
CAGL0E05214g ? YPL088W YPL088W -0.600 
CAGL0K08206g ? YGL140C YGL140C -0.607 
CAGL0K04279g SCM4 SCM4 YGR049W -0.607 
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CAGL0J09262g ? STF1 YDL130W-A -0.609 
CAGL0H00704g ? ATG41 YPL250C -0.622 
CAGL0D00198g ? BDH1 YAL060W -0.637 
CAGL0B00902g HIS4 HIS4 YCL030C -0.642 
CAGL0C03069g ? CHO1 YER026C -0.643 
CAGL0C03443g LYS9 LYS9 YNR050C -0.647 
CAGL0K10978g ? LYS4 YDR234W -0.648 
CAGL0J08613g ? YVC1 YOR087W -0.670 
CAGL0K09372g ? MIG2 YGL209W -0.672 
CAGL0I08987g ? ARG4 YHR018C -0.675 
CAGL0J05852g ? IFA38 YBR159W -0.680 
CAGL0A02024g ? LAG2 YOL025W -0.684 
CAGL0L06138g ? TPN1 YGL186C -0.700 
CAGL0I04004g ? YDL183C YDL183C -0.708 
CAGL0G02585g LYS12 LYS12 YIL094C -0.715 
CAGL0I02046g ? YPR127W YPR127W -0.716 
CAGL0K07788g ? LYS2 YBR115C -0.717 
CAGL0J03894g ? DFR1 YOR236W -0.732 
CAGL0K00671g ? RPS14A YCR031C -0.734 
CAGL0F04697g ? YLR257W YLR257W -0.737 
CAGL0J03916g ? HES1 YOR237W -0.750 
CAGL0I03080g URA3 URA3 YEL021W -0.755 
CAGL0L00561g ? SSO1 YPL232W -0.756 
CAGL0E03201g ? CHO2 YGR157W -0.758 
CAGL0J09240g LYS21 LYS21 YDL131W -0.774 
CAGL0I04328g ? DPI8 YJL133C-A -0.782 
CAGL0J01441g ? ADH3 YMR083W -0.789 
CAGL0D01958g ? SDH3 YKL141W -0.791 
CAGL0J04554g ? AAT2 YLR027C -0.799 
CAGL0B01507g ARG8 ARG8 YOL140W -0.802 
CAGL0F06501g ? ARG7 YMR062C -0.827 
CAGL0K01771g ? YAT1 YAR035W -0.827 
CAGL0B00105g ? ? ? -0.837 
CAGL0E03850g ? SDH2 YLL041C -0.864 
CAGL0M08778g ? SWM1 YDR260C -0.888 
CAGL0K08844g ? AIM17 YHL021C -0.921 
CAGL0L06930g ? YDL085C-A YDL085C-A -0.931 
CAGL0I09086g ? ESBP6 YNL125C -0.995 
CAGL0H10164g ? MUM2 YBR057C -1.025 
CAGL0F00187g ? FET4 YMR319C -1.055 
CAGL0B04455g ? AVT4 YNL101W -1.072 
CAGL0E05192g ? YPL088W YPL088W -1.075 
CAGL0C04917g ? CPA2 YJR109C -1.080 
CAGL0M12100g ? TYE7 YOR344C -1.113 
CAGL0J00715g ? YHR022C YHR022C -1.230 
CAGL0I10791g ? ARG3 YJL088W -1.266 
CAGL0B01875g ? COX26 YDR119W-A -1.324 
CAGL0G03905g ? ISA1 YLL027W -1.390 
CAGL0M11000r tK(UUU)3 ? ? -1.416 
CAGL0C05115g ARG1 ARG1 YOL058W -1.423 
CAGL0A00671r tP(UGG)1 ? ? -1.586 
CAGL0B00116g ? ? ? -1.629 
CAGL0I09108g ? ESBP6 YNL125C -1.668 
CAGL0C04653r tL(UAG)1 ? ? -2.111 
 




CAGL0J06402g ? LYS20 YDL182W 3.552 
CAGL0J09438r tI(AAU)5 ? ? 3.395 
CAGL0H04433r tV(AAC)5 ? ? 3.176 
CAGL0G05632g ? YDL218W YDL218W 3.075 
CAGL0G00792g ? REC102 YLR329W 2.673 
CAGL0A02321g ? HXT5 YHR096C 2.591 
CAGL0G00616r tP(UGG)3 ? ? 2.468 
CAGL0A03410g ? ? ? 2.341 
CAGL0D01265g MT-I ? ? 2.315 
CAGL0A01804g ? HXT1 YHR094C 2.304 
CAGL0C05621g ? ? ? 2.280 
CAGL0F00116g ? ? ? 2.264 
CAGL0K07337g ? HSP30 YCR021C 2.251 
CaglfMt34 tG(UCC)3mt ? ? 2.197 
CAGL0I09724g ? MCH5 YOR306C 2.182 
CAGL0H06017g FLR1 FLR1 YBR008C 2.176 
CAGL0B02343g ? ATR1 YML116W 2.125 
CAGL0E04554g ? ? ? 2.076 
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CAGL0I00286g ? HXT2 YMR011W 2.040 
CAGL0J00116g ? ? ? 2.029 
CaglfMp02 VAR1 VAR1 Q0140 1.996 
CAGL0L02937g HIS3 HIS3 YOR202W 1.986 
CAGL0A00132g ? ? ? 1.956 
CAGL0L00157g ? ? ? 1.943 
CAGL0C02233g ? MXR1 YER042W 1.909 
CAGL0L09383g ? SUT1 YGL162W 1.892 
CAGL0D05434g ROX1 ROX1 YPR065W 1.883 
CAGL0A02233g ? HXT6 YDR343C 1.870 
CAGL0B02838g MUP1 MUP1 YGR055W 1.868 
CAGL0K08954g ? CDC31 YOR257W 1.861 
CAGL0L06094g STR3 STR3 YGL184C 1.849 
CAGL0D01584g ? JID1 YPR061C 1.803 
CAGL0G10197g ? ? ? 1.797 
CAGL0C03289g YBT1 YBT1 YLL048C 1.774 
CAGL0I10010g ? BTN2 YGR142W 1.773 
CAGL0M01760g CDR1 PDR5 YOR153W 1.740 
CAGL0L06072g ? COM2 YER130C 1.638 
CAGL0D00869g ? ? ? 1.616 
CAGL0L06864g ? SIP5 YMR140W 1.600 
CAGL0G00121g ? ? ? 1.590 
CAGL0J11242g ? RHO5 YNL180C 1.590 
CAGL0F00253g ? TRP3 YKL211C 1.585 
CAGL0L03289g ? NCA3 YJL116C 1.568 
CAGL0K04235g ? NQM1 YGR043C 1.564 
CAGL0I10147g PWP1 FLO1 YAR050W 1.563 
CAGL0J11484g DUG3 DUG3 YNL191W 1.556 
CAGL0B03839g MET3 MET3 YJR010W 1.536 
CAGL0E02035g ? MCH4 YOL119C 1.536 
CAGL0L03828g ? CYB5 YNL111C 1.522 
CAGL0F02167g ? MSH4 YFL003C 1.498 
CAGL0K08668g MET28 MET28 YIR017C 1.465 
CAGL0D00374g ? ? ? 1.442 
CAGL0K10780g ? IMD4 YML056C 1.429 
CAGL0F08195g ? MGA1 YGR249W 1.379 
CAGL0J07084g ? YPL113C YPL113C 1.375 
CAGL0F01749g ? SHM2 YLR058C 1.361 
CAGL0I01430g ? ANB1 YJR047C 1.342 
CAGL0H05687g ? SSU1 YPL092W 1.325 
CAGL0J05984g ? AAH1 YNL141W 1.302 
CAGL0F03641g ? YML018C YML018C 1.297 
CAGL0K00715g RTA1 RTA1 YGR213C 1.288 
CAGL0C03740g ? MIT1 YEL007W 1.273 
CAGL0L09372g ? ? ? 1.270 
CAGL0G04081g ? THI73 YLR004C 1.266 
CAGL0C01243g ? HIS5 YIL116W 1.265 
CAGL0C03718r tD(GUC)2 ? ? 1.258 
CAGL0E04004g ? MUP3 YHL036W 1.253 
CAGL0G01254g ARO8 ARO8 YGL202W 1.242 
CAGL0I03124r tP(UGG)6 ? ? 1.238 
CAGL0G02189g MTD1 MTD1 YKR080W 1.224 
CAGL0E03674g TPO1_2 TPO1 YLL028W 1.204 
CAGL0C01595g ? HIS7 YBR248C 1.203 
CAGL0G08019g ? YDR090C YDR090C 1.193 
CAGL0I10200g PWP3 FLO1 YAR050W 1.191 
CAGL0M01716g ? TEC1 YBR083W 1.182 
CAGL0L08448g ? NCE102 YPR149W 1.179 
CAGL0G05610g ? DTD1 YDL219W 1.178 
CAGL0J02024g ? ? ? 1.177 
CAGL0M00154g CYN1 LYP1 YNL268W 1.176 
CAGL0M01562g ? YDR391C YDR391C 1.171 
CAGL0K04499g ? ADE6 YGR061C 1.168 
CAGL0F01265g YAP7 YAP7 YOL028C 1.164 
CAGL0B00726g ? GLK1 YCL040W 1.160 
CAGL0M01694g ? MIS1 YBR084W 1.156 
CAGL0E06644g EPA1 FLO1 YAR050W 1.153 
CAGL0L13431g ? ? ? 1.150 
CAGL0M14047g ? ADH6 YMR318C 1.149 
CAGL0H05137g ? ALD6 YPL061W 1.137 
CAGL0L10362g ? YOR062C YOR062C 1.133 
CAGL0A00627g ? ERP6 YGL002W 1.124 
CAGL0K00170g EPA22 FLO10 YKR102W 1.124 
CAGL0I07315g ? YOR131C YOR131C 1.123 
CAGL0M00374g ? MET5 YJR137C 1.122 
CAGL0H02145g ? STE12 YHR084W 1.118 
CAGL0M08552g ? PMP3 YDR276C 1.110 
CAGL0K10824g ? YLR149C YLR149C 1.107 
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CAGL0J05390g ? ? ? 1.107 
CAGL0D04840g ? MSS18 YPR134W 1.096 
CAGL0M12837g ? SER3 YER081W 1.093 
CAGL0J10846g ? PCL5 YHR071W 1.081 
CAGL0M07634g ? SOK2 YMR016C 1.077 
CAGL0H08393g ? BAP2 YBR068C 1.075 
CAGL0B01595g ? ? ? 1.071 
CAGL0A01650g ? ? ? 1.063 
CAGL0A01001g ? YLR326W YLR326W 1.062 
CAGL0J06088g ? YNL162W-A YNL162W-A 1.060 
CAGL0J03256g ? PTP3 YER075C 1.060 
CAGL0F05709g ? ATC1 YDR184C 1.042 
CAGL0K06039g ? RED1 YLR263W 1.041 
CAGL0H03416r ? ? ? 1.039 
CAGL0L02035g ? MAE1 YKL029C 1.039 
CAGL0J06666g ? YML108W YML108W 1.037 
CAGL0A01782g ? HXT4 YHR092C 1.036 
CAGL0I09680g ? RRG7 YOR305W 1.035 
CAGL0M02409g ? NOP53 YPL146C 1.035 
CAGL0J00363g ? YHK8 YHR048W 1.032 
CAGL0K02387g ? ROK1 YGL171W 1.026 
CAGL0G02409g ? SRP40 YKR092C 1.026 
CAGL0J02882g HOM3 HOM3 YER052C 1.023 
CAGL0L00671g FCY21 FCY2 YER056C 1.021 
CAGL0H02959g TOS8 TOS8 YGL096W 0.999 
CAGL0I05016g TRP2 TRP2 YER090W 0.999 
CAGL0E01155g ? RPA14 YDR156W 0.997 
CAGL0F02563g HPT1 HPT1 YDR399W 0.995 
CAGL0G05566g ? FMP45 YDL222C 0.985 
CAGL0M04917g ? FUS2 YMR232W 0.982 
CAGL0K05665g ? YHR112C YHR112C 0.978 
CAGL0D00418g ? FAT3 YKL187C 0.977 
CAGL0G04433g ? PRM10 YJL108C 0.976 
CAGL0K06215g ? UTP6 YDR449C 0.976 
CAGL0E06138g ? FAS2 YPL231W 0.971 
CAGL0L08932g LSP1 LSP1 YPL004C 0.970 
CAGL0C01397g ? PFK26 YIL107C 0.968 
CAGL0J07766g ? RPA49 YNL248C 0.958 
CAGL0K04037g FKS2 GSC2 YGR032W 0.957 
CAGL0F07579g CWP1.2 CWP1 YKL096W 0.953 
CAGL0M10912g ? HUB1 YNR032C-A 0.950 
CAGL0L07832g ? YCR016W YCR016W 0.947 
CAGL0H08866g ? HOT1 YMR172W 0.941 
CAGL0M01056g ? FCF1 YDR339C 0.935 
CAGL0L11594g ? RIO1 YOR119C 0.932 
CAGL0E02937g ? CGR1 YGL029W 0.926 
CAGL0F07645g ? UTP11 YKL099C 0.921 
CAGL0K10340g ADE2 ADE2 YOR128C 0.918 
CAGL0F02233g ? YFR006W YFR006W 0.917 
CAGL0D00220g ? ECM1 YAL059W 0.915 
CAGL0I05390g ? SKS1 YPL026C 0.912 
CAGL0L04708g ? YGR111W YGR111W 0.909 
CAGL0G01210g NIT3 NIT3 YLR351C 0.908 
CAGL0E03762g ? RIM101 YHL027W 0.907 
CAGL0H02189g ? TMA23 YMR269W 0.906 
CAGL0C03267g FPS1 FPS1 YLL043W 0.905 
CAGL0I10670g ? NOC4 YPR144C 0.904 
CAGL0I06116g ? SSY5 YJL156C 0.904 
CAGL0B00374g ? ADF1 YCL058W-A 0.903 
CAGL0H01419g ? BFR2 YDR299W 0.901 
CAGL0G08778g ? RRT14 YIL127C 0.900 
CAGL0D01606g ? YMC1 YPR058W 0.895 
CAGL0K07678g ? ? ? 0.895 
CAGL0F02431g ACO2 ACO2 YJL200C 0.892 
CAGL0H09372g ? TYS1 YGR185C 0.888 
CAGL0G02629g ? BMT5 YIL096C 0.886 
CAGL0J08184g ? ALP1 YNL270C 0.886 
CAGL0M13717g ? ADE4 YMR300C 0.879 
CAGL0I01980g ? LAM1 YHR155W 0.878 
CAGL0L02475g GCN4 GCN4 YEL009C 0.876 
CAGL0F00715g ? MAK16 YAL025C 0.864 
CAGL0I07051g ? CLG1 YGL215W 0.862 
CAGL0L03872g ? RPC19 YNL113W 0.860 
CAGL0B00484g ? SPB1 YCL054W 0.860 
CAGL0G04763g ? RGS2 YOR107W 0.855 
CAGL0K09460g ? PNO1 YOR145C 0.853 
CAGL0J10494g ? APT2 YDR441C 0.850 
CAGL0K03459g ? SPG4 YMR107W 0.849 
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CAGL0I00748g ? NDE1 YMR145C 0.848 
CAGL0B03773g ? HIP1 YGR191W 0.847 
CAGL0G00484g ? EFG1 YGR271C-A 0.846 
CAGL0F07403g ? NSA1 YGL111W 0.844 
CAGL0L10868g ? FSF1 YOR271C 0.843 
CAGL0M07612g ? FMS1 YMR020W 0.841 
CAGL0J00341g ? AAP1 YHR047C 0.840 
CAGL0K10362g ? ORT1 YOR130C 0.839 
CAGL0K12254g ? VID24 YBR105C 0.838 
CAGL0F02299g ? LOC1 YFR001W 0.837 
CAGL0K04301g ? FMP48 YGR052W 0.830 
CAGL0J10252g ? IMP4 YNL075W 0.830 
CAGL0A00154g ? ? ? 0.828 
CAGL0H02497g ? GFD1 YMR255W 0.822 
CAGL0A03102g ARO10 ARO10 YDR380W 0.820 
CAGL0K08800g ADI1 ADI1 YMR009W 0.814 
CAGL0F00561g ? RPA12 YJR063W 0.814 
CAGL0F06589g ? KAR5 YMR065W 0.810 
CAGL0G05698g GDH2 GDH2 YDL215C 0.810 
CAGL0I03344g ? NRP1 YDL167C 0.807 
CAGL0L09493g ? EGH1 YIR007W 0.806 
CAGL0J00561g ? YHI9 YHR029C 0.805 
CAGL0K00110g AWP2 ? ? 0.803 
CAGL0J02222g ? NOP16 YER002W 0.803 
CAGL0J05412g ? LSG1 YGL099W 0.800 
CAGL0E03201g ? CHO2 YGR157W 0.795 
CAGL0L02321g ? MET14 YKL001C 0.795 
CAGL0J00473g ? CIC1 YHR052W 0.794 
CAGL0K04279g SCM4 SCM4 YGR049W 0.792 
CAGL0G02761g ? DPH1 YIL103W 0.792 
CAGL0I04708g PDX3 PDX3 YBR035C 0.791 
CAGL0G01969g ? SIS2 YKR072C 0.791 
CAGL0I01826g ? IMP3 YHR148W 0.790 
CAGL0I04576g ? APC11 YDL008W 0.790 
CAGL0D04884g ? RRP9 YPR137W 0.787 
CAGL0K04367g ? MUP1 YGR055W 0.786 
CAGL0M03905g ? KRI1 YNL308C 0.786 
CAGL0I02376g ? NOP19 YGR251W 0.784 
CAGL0G07175g ? YGR109W-B YGR109W-B 0.782 
CAGL0M13915g ? YGR283C YGR283C 0.780 
CAGL0L02799g ? RPB10 YOR210W 0.780 
CAGL0H04235g ? DUS1 YML080W 0.777 
CAGL0E02343g ? RCL1 YOL010W 0.776 
CAGL0H03377g DBP3 DBP3 YGL078C 0.775 
CAGL0M04279g ? DIP2 YLR129W 0.774 
CAGL0J06952g ? IDI1 YPL117C 0.774 
CAGL0L03025g ? RPC37 YKR025W 0.771 
CAGL0L00319g ERG20 ERG20 YJL167W 0.770 
CAGL0G02101g ECM4 ECM4 YKR076W 0.768 
CAGL0F05329g ? YDR210W YDR210W 0.765 
CAGL0J00649g ? THR1 YHR025W 0.763 
CAGL0B00352g ? KRR1 YCL059C 0.762 
CAGL0I03850g ? SCM3 YDL139C 0.760 
CAGL0D05302g ? RIB5 YBR256C 0.757 
CAGL0L10406g CYT1 CYT1 YOR065W 0.756 
CAGL0H02079g ? RPF1 YHR088W 0.754 
CAGL0J02376g ? FAF1 YIL019W 0.753 
CAGL0F06809g ? YVH1 YIR026C 0.753 
CAGL0E01133g HOM2 HOM2 YDR158W 0.751 
CAGL0E03069g ? ENP2 YGR145W 0.751 
CAGL0D05170g PHO4 PHO4 YFR034C 0.750 
CAGL0K01089g ? SLX9 YGR081C 0.750 
CAGL0J07986g ? LTO1 YNL260C 0.748 
CAGL0K11440g ? HTA1 YDR225W 0.748 
CAGL0G04983g ? YLR363W-A YLR363W-A 0.747 
CAGL0A03212g ? ATO3 YDR384C 0.746 
CAGL0J04576g ? DPH2 YKL191W 0.745 
CAGL0L12408g ? TRM44 YPL030W 0.745 
CAGL0L02849g ? RET1 YOR207C 0.745 
CAGL0J10912g ? RRP3 YHR065C 0.744 
CAGL0L11176g ? OGG1 YML060W 0.744 
CAGL0I08613g DUR3 DUR3 YHL016C 0.742 
CAGL0J05698g ? RPC31 YNL151C 0.741 
CAGL0C01639g ? ENP1 YBR247C 0.740 
CAGL0L10516g ? RPF2 YKR081C 0.740 
CAGL0E00583g ? TRX3 YCR083W 0.739 
CAGL0L11132g ? DIF1 YLR437C 0.738 
CAGL0F04983g ? DBP9 YLR276C 0.736 
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CAGL0K03465g ? ILV2 YMR108W 0.736 
CAGL0E05478g ? RPA43 YOR340C 0.734 
CAGL0F02761g ? ADE8 YDR408C 0.734 
CAGL0M04213g ? YLR126C YLR126C 0.732 
CAGL0M06589g ? DAS2 YDR020C 0.730 
CAGL0K02101g ? PMD1 YER132C 0.720 
CAGL0A03993g ? PBA1 YLR199C 0.720 
CAGL0E05654g ? PGC1 YPL206C 0.719 
CAGL0M06941g ? RCM1 YNL022C 0.717 
CAGL0M01210g ? IPI1 YHR085W 0.717 
CAGL0F01177g ? YOL036W YOL036W 0.716 
CAGL0J06380g ? INH1 YDL181W 0.715 
CAGL0A01628g MIG1 MIG1 YGL035C 0.715 
CAGL0H03773g ? RLP7 YNL002C 0.711 
CAGL0I00440g ? ERV14 YGL054C 0.710 
CAGL0F08129g SDA1 SDA1 YGR245C 0.709 
CAGL0H05247g ? YPL068C YPL068C 0.709 
CAGL0G10109g ? RPC82 YPR190C 0.707 
CAGL0F00825g GSH2 GSH2 YOL049W 0.707 
CAGL0K03861g ? RRB1 YMR131C 0.707 
CAGL0A03674g ? BMT2 YBR141C 0.703 
CAGL0C00737g ? UTP13 YLR222C 0.702 
CAGL0I06270g ? QCR8 YJL166W 0.702 
CAGL0J09746g ? TRM8 YDL201W 0.702 
CAGL0I09152g ? POP4 YBR257W 0.701 
CAGL0D00264g NUD1 NUD1 YOR373W 0.701 
CAGL0C04136g ? HHF1 YBR009C 0.700 
CAGL0G07843g ? NOP7 YGR103W 0.698 
CAGL0C02673g ? ART10 YLR392C 0.698 
CAGL0L04114g ? NAF1 YNL124W 0.697 
CAGL0F02475g ? PRP21 YJL203W 0.697 
CAGL0M01870g ? CMR3 YPR013C 0.697 
CAGL0D05588g ? SOF1 YLL011W 0.694 
CAGL0H07887g ? ADE5,7 YGL234W 0.694 
CAGL0F08217g ? RIE1 YGR250C 0.693 
CAGL0I06006g ? RPA34 YJL148W 0.690 
CAGL0J10824g ? ERG7 YHR072W 0.689 
CAGL0H02431g ? TRM732 YMR259C 0.687 
CAGL0K00341g ? ? ? 0.687 
CAGL0I05082g ? PIN4 YBL051C 0.686 
CAGL0C01573g ? ARO4 YBR249C 0.686 
CAGL0G10153g ? QCR7 YDR529C 0.686 
CAGL0I07931g ? REX4 YOL080C 0.686 
CAGL0L00583g ? USV1 YPL230W 0.685 
CAGL0A02189g ? MSR1 YHR091C 0.684 
CAGL0E04312g ? STP2 YHR006W 0.683 
CAGL0J07920g ? FOL1 YNL256W 0.681 
CAGL0K01551g ? DBP10 YDL031W 0.680 
CAGL0F03927g ? GUA1 YMR217W 0.680 
CAGL0G08151g ? GRX3 YDR098C 0.680 
CAGL0H08019g ? RIO2 YNL207W 0.680 
CAGL0K08888g ? GCD1 YOR260W 0.676 
CAGL0M10197g ? MRT4 YKL009W 0.675 
CAGL0J11154g ? NOP13 YNL175C 0.675 
CAGL0J07062g ? CAR1 YPL111W 0.675 
CAGL0J08932g ? CDC123 YLR215C 0.674 
CAGL0M03619g ? PUS4 YNL292W 0.673 
CAGL0I10494g ? FHN1 YGR131W 0.672 
CAGL0L10890g ? YTM1 YOR272W 0.672 
CAGL0K01045g ? GCD2 YGR083C 0.672 
CAGL0L08976g ? SPB4 YFL002C 0.671 
CAGL0C04917g ? CPA2 YJR109C 0.670 
CAGL0H05973g ? YPL108W YPL108W 0.669 
CAGL0G06468g ? YNL095C YNL095C 0.669 
CAGL0F03267g ? LAM4 YHR080C 0.669 
CAGL0B01837g ? TMA64 YDR117C 0.669 
CAGL0G09691g ? SER1 YOR184W 0.666 
CAGL0C02277g GLN3 GLN3 YER040W 0.665 
CAGL0A01430g TRP5 TRP5 YGL026C 0.665 
CAGL0F03025g ? ARO80 YDR421W 0.664 
CAGL0G03465g ? LSM4 YER112W 0.664 
CAGL0F02541g ? UTP5 YDR398W 0.664 
CAGL0G09042g ? AFT1 YGL071W 0.663 
CAGL0K11462g ? HTB1 YDR224C 0.663 
CAGL0F00132g ? ? ? 0.661 
CAGL0A03366g ? ADE16 YLR028C 0.660 
CAGL0B00792g ? SRO9 YCL037C 0.659 
CAGL0I07689g ? RTC2 YBR147W 0.659 
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CAGL0M11638g ? REX3 YLR107W 0.658 
CAGL0E01573g ? EMW1 YNL313C 0.658 
CAGL0D05082g ? UBI4 YLL039C 0.657 
CAGL0C02343g ? ARB1 YER036C 0.656 
CAGL0K02519g ? ? ? 0.656 
CAGL0M09757g ? YLR287C YLR287C 0.656 
CAGL0G04499g ? SET4 YJL105W 0.655 
CAGL0B02794g ? ADE13 YLR359W 0.655 
CAGL0G02783g ? SHQ1 YIL104C 0.655 
CAGL0D05060g ? PPT1 YGR123C 0.655 
CAGL0E01771g YPS5 YPS1 YLR120C 0.655 
CAGL0M11110g ? RRP1 YDR087C 0.652 
CAGL0I10224g ? ? ? 0.651 
CAGL0J11792g ? RRN11 YML043C 0.651 
CAGL0H02937g ? UTP18 YJL069C 0.651 
CAGL0G00242g YOR1 YOR1 YGR281W 0.650 
CAGL0F06523g ? DHR2 YKL078W 0.649 
CAGL0E02123g ? PTH4 YOL114C 0.649 
CAGL0J04554g ? AAT2 YLR027C 0.647 
CAGL0L10846g ? BUD23 YCR047C 0.647 
CAGL0B00836g ? MXR2 YCL033C 0.647 
CAGL0G06248g ? MAK16 YAL025C 0.645 
CAGL0I08767g ? LSO2 YGR169C-A 0.644 
CAGL0F01925g ? FCF2 YLR051C 0.644 
CAGL0J04598g ? URA4 YLR420W 0.643 
CAGL0M07227g ? UTP9 YHR196W 0.643 
CAGL0F04433g URA7 URA7 YBL039C 0.642 
CAGL0K07700g ? BUD27 YFL023W 0.642 
CAGL0J04466g ? PUN1 YLR414C 0.642 
CAGL0L11638g ? ESF1 YDR365C 0.641 
CAGL0K12804g ? BUD20 YLR074C 0.640 
CAGL0L10538g ? PAN5 YHR063C 0.640 
CAGL0L09229g ? AIM45 YPR004C 0.639 
CAGL0C03223g ? SDH2 YLL041C 0.639 
CAGL0E05676g ? TYW1 YPL207W 0.638 
CAGL0L07678g ? DIM1 YPL266W 0.637 
CAGL0G03311g ? ILS1 YBL076C 0.637 
CAGL0H07579g HXK2 HXK2 YGL253W 0.635 
CAGL0K10898r ? ? ? 0.635 
CAGL0B00902g HIS4 HIS4 YCL030C 0.634 
CAGL0I10560g ? UTP8 YGR128C 0.632 
CAGL0D05500g ? HGH1 YGR187C 0.630 
CAGL0L07458g ? ECM2 YBR065C 0.628 
CAGL0D00880g ? TSR1 YDL060W 0.627 
CAGL0E04884g ? ADR1 YDR216W 0.626 
CAGL0K02233g ? NSA2 YER126C 0.626 
CAGL0I07799g ? RPB5 YBR154C 0.625 
CAGL0L06314g ? ARX1 YDR101C 0.625 
CAGL0H03905g ? ILV6 YCL009C 0.625 
CAGL0G05742g ? NOP6 YDL213C 0.622 
CAGL0L03047g ? DBP7 YKR024C 0.622 
CAGL0C01419g ? MRN1 YPL184C 0.621 
CAGL0I08349g ? SGV1 YPR161C 0.621 
CAGL0D00836g ? SYO1 YDL063C 0.621 
CAGL0J03344g ? UTP7 YER082C 0.621 
CAGL0M13519g ? HAS1 YMR290C 0.620 
CAGL0B03608g ? ? ? 0.619 
CAGL0I02398g ? NMD3 YHR170W 0.619 
CAGL0K02145g ? COM2 YER130C 0.617 
CAGL0M05885g ? LAS1 YKR063C 0.616 
CAGL0F04103g ? YBL028C YBL028C 0.615 
CAGL0C04565g ? JJJ3 YJR097W 0.615 
CAGL0L03806g ? NOP15 YNL110C 0.613 
CAGL0L09691g ? PUT3 YKL015W 0.613 
CAGL0G06358g ? SNC1 YAL030W 0.612 
CAGL0H09526g ? PRP22 YER013W 0.606 
CAGL0K02211g ? LCP5 YER127W 0.606 
CAGL0J05588g ? SNN1 YNL086W 0.605 
CAGL0J01023g ? TAD2 YJL035C 0.604 
CAGL0I05654g ? URK1 YNR012W 0.602 
CAGL0M03751g ? TRF5 YNL299W 0.602 
CAGL0H00935g ? YAR1 YPL239W 0.601 
CAGL0H07557g ? FZF1 YGL254W 0.600 
CAGL0M04411g ? RKM5 YLR137W 0.599 
CAGL0L04950g ? ERB1 YMR049C 0.597 
CAGL0G00330g ? CWC22 YGR278W 0.597 
CAGL0J08866g ? ATG38 YLR211C 0.596 
CAGL0M06171g ? UMP1 YBR173C 0.596 
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CAGL0F08503g ? FOL2 YGR267C 0.594 
CAGL0J06006g ? GIM3 YNL153C 0.593 
CAGL0L09911g ? CSS1 YIL169C 0.593 
CAGL0K00913g ? ADE3 YGR204W 0.592 
CAGL0E02079g ? MSN1 YOL116W 0.590 
CAGL0K07029g ? PRP5 YBR237W 0.588 
CAGL0M01430g ? UTP4 YDR324C 0.588 
CAGL0A02090g ? YHR020W YHR020W 0.588 
CAGL0D01628g ? BRR1 YPR057W 0.587 
CAGL0I05098g ? SBH1 YER087C-B 0.586 
CAGL0M00946g ? TSR2 YLR435W 0.586 
CAGL0J11286g ? IPI3 YNL182C 0.582 
CAGL0L04026g ? NCS2 YNL119W 0.581 
CAGL0F06853g ? MAK11 YKL021C 0.581 
CAGL0F07359g ? YGL117W YGL117W 0.579 
CAGL0I01606g ? URB2 YJR041C 0.579 
CAGL0L05566g ? GCD14 YJL125C 0.578 
CAGL0H09724g ? NUG1 YER006W 0.578 
CAGL0A03971g ? YKE2 YLR200W 0.577 
CAGL0I02354g ? DBP8 YHR169W 0.575 
CAGL0I00242g ? HYR1 YIR037W 0.574 
CAGL0J09460g ? AIR1 YIL079C 0.574 
CAGL0K09614g ? KRE33 YNL132W 0.571 
CAGL0I09350g ? REI1 YBR267W 0.570 
CAGL0G01694g ? YTH1 YPR107C 0.569 
CAGL0M05775g ? NIP7 YPL211W 0.569 
CAGL0E02673g ? UTP23 YOR004W 0.568 
CAGL0E01903g ? TRM13 YOL125W 0.565 
CAGL0C03531g ? TRM112 YNR046W 0.565 
CAGL0L12914g ? YKL050C YKL050C 0.564 
CAGL0I03608g ? SAS10 YDL153C 0.560 
CAGL0J03476g ? RSA4 YCR072C 0.560 
CAGL0B03861g ? YJR011C YJR011C 0.560 
CAGL0D02706g ? RIX1 YHR197W 0.560 
CAGL0M00484g ? XPT1 YJR133W 0.558 
CAGL0B04169g ? MRD1 YPR112C 0.558 
CAGL0E03223g ? MTR3 YGR158C 0.558 
CAGL0G08294g ? GPN3 YLR243W 0.557 
CAGL0L02871g ? NOC2 YOR206W 0.556 
CAGL0C02585g ? AFG2 YLR397C 0.556 
CAGL0M07403g OAZ1 OAZ1 YPL052W 0.555 
CAGL0I10098g PWP7 FLO9 YAL063C 0.555 
CAGL0L04092g ? NMA111 YNL123W 0.554 
CAGL0L06160g ? COX4 YGL187C 0.554 
CAGL0B00528g ? LRE1 YCL051W 0.553 
CAGL0F05247g ? APD1 YBR151W 0.550 
CAGL0F02849g ? RRP17 YDR412W 0.549 
CAGL0A01958g ? TSR4 YOL022C 0.547 
CAGL0H05621g RLM1 RLM1 YPL089C 0.546 
CAGL0K00957g ? ELP2 YGR200C 0.545 
CAGL0L07810g ? SAT4 YCR008W 0.543 
CAGL0L08206g ? RRP43 YCR035C 0.542 
CAGL0M06897g ? EFM6 YNL024C 0.540 
CAGL0K12210g ? YMC2 YBR104W 0.539 
CAGL0I03806g ? BPL1 YDL141W 0.539 
CAGL0M11154g ? MAK21 YDR060W 0.538 
CAGL0E05764g ? PUS1 YPL212C 0.537 
CAGL0G00858g ? MID2 YLR332W 0.536 
CAGL0L05368g ? PRP40 YKL012W 0.533 
CAGL0A02728g ? SEM1 YDR363W-A 0.533 
CAGL0K09042g ? TMA16 YOR252W 0.533 
CAGL0G03113g ? RRP46 YGR095C 0.531 
CAGL0K06033g ? TMA7 YLR262C-A 0.531 
CAGL0I10246g PWP2 FLO1 YAR050W 0.529 
CAGL0L11066g ? PLP2 YOR281C 0.525 
CAGL0J07502g ? YNL234W YNL234W 0.525 
CAGL0J01699g ? MIN8 YPR010C-A 0.524 
CAGL0H01199g ? GCN2 YDR283C 0.524 
CAGL0M11484g ? ARO1 YDR127W 0.523 
CAGL0H03355g ? KXD1 YGL079W 0.523 
CAGL0D04796g ? NAT3 YPR131C 0.522 
CAGL0K03795g ? ECM16 YMR128W 0.522 
CAGL0A03051g ? LSM6 YDR378C 0.520 
CAGL0G04411g ? UTP10 YJL109C 0.520 
CAGL0M03971g ? SKP2 YNL311C 0.518 
CAGL0C03355g ? ESF2 YNR054C 0.517 
CAGL0D03740g ? RPP1 YHR062C 0.517 
CAGL0L13156g ? RFU1 YLR073C 0.517 
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CAGL0J10032g ? NOP2 YNL061W 0.517 
CAGL0C02299g KRE29 KRE29 YER038C 0.516 
CAGL0G02915g PIL1 PIL1 YGR086C 0.516 
CAGL0H07975g ? LHP1 YDL051W 0.515 
CAGL0H09812g ? SOK1 YDR006C 0.515 
CAGL0K05555g ? BUD21 YOR078W 0.514 
CAGL0G05093g ? YDR061W YDR061W 0.514 
CAGL0I09790g ? NOP58 YOR310C 0.514 
CAGL0I07975g ? BRX1 YOL077C 0.513 
CAGL0I03630g ? RPC53 YDL150W 0.513 
CAGL0L06710g ? RTC2 YBR147W 0.512 
CAGL0G01991g ? NOB1 YOR056C 0.511 
CAGL0G05115g ? LSM2 YBL026W 0.510 
CAGL0K09416g ? NCS6 YGL211W 0.510 
CAGL0E00649g ? PTC6 YCR079W 0.510 
CAGL0C01441g ? RTT10 YPL183C 0.509 
CAGL0K06413g ? STP1 YDR463W 0.509 
CAGL0J10890g ? SSF2 YDR312W 0.508 
CAGL0G06028g ARO9 ARO9 YHR137W 0.508 
CAGL0K05049g ? POP1 YNL221C 0.505 
CAGL0I03300g ? BUD16 YEL029C 0.505 
CAGL0C00759g ? CRF1 YDR223W 0.505 
CAGL0J07436g PDR16 PDR16 YNL231C 0.504 
CAGL0D06336g ? TYW3 YGL050W 0.504 
CAGL0C05093g ? YOL057W YOL057W 0.502 
CAGL0L00341g ? EBP2 YKL172W 0.501 
CAGL0D06402g MET15 MET17 YLR303W 0.500 
CAGL0J11352g ? UBP10 YNL186W 0.499 
CAGL0A03652g ? MAK5 YBR142W 0.498 
CAGL0M00132g EPA12 FLO1 YAR050W 0.497 
CAGL0E03740g ? YHL026C YHL026C 0.497 
CAGL0G05379g ? GCR2 YNL199C 0.497 
CAGL0H07931g ? TAN1 YGL232W 0.496 
CAGL0L10120g ? RAT1 YOR048C 0.496 
CAGL0K12012g KRS1 KRS1 YDR037W 0.495 
CAGL0B04125g ? RPC40 YPR110C 0.494 
CAGL0F08415g ? BUD32 YGR262C 0.493 
CAGL0I00264g ? HYR1 YIR037W 0.492 
CAGL0J07722g ? VPS75 YNL246W 0.491 
CAGL0E04774g ? YDR222W YDR222W 0.490 
CAGL0H10384g ? RRP42 YDL111C 0.490 
CAGL0D00484g ? SPE1 YKL184W 0.489 
CAGL0I01694g ? RAD26 YJR035W 0.489 
CAGL0H07271g ? IPK1 YDR315C 0.489 
CAGL0A04323g ? PTH2 YBL057C 0.489 
CAGL0J06622g ? PML39 YML107C 0.489 
CAGL0G10021g ? PZF1 YPR186C 0.488 
CAGL0L06688g ? ? ? 0.486 
CAGL0L11220g ? MFT1 YML062C 0.486 
CAGL0L05610g ? SPT10 YJL127C 0.485 
CAGL0J09240g LYS21 LYS21 YDL131W 0.485 
CAGL0K10010g ? RRP8 YDR083W 0.485 
CAGL0F01023g ? NOP12 YOL041C 0.485 
CAGL0I09196g ? YBR259W YBR259W 0.483 
CAGL0M03773g ? TOS6 YNL300W 0.483 
CAGL0M06369g ? ELP3 YPL086C 0.482 
CAGL0H01595g ? RBA50 YDR527W 0.482 
CAGL0L05170g ? RRP14 YKL082C 0.482 
CAGL0M00264g ? IPA1 YJR141W 0.482 
CAGL0D01276g ? OPY2 YPR075C 0.482 
CAGL0H07205g ? RRP4 YHR069C 0.482 
CAGL0M02101g ? PET20 YPL159C 0.481 
CAGL0L08250g ? SSL2 YIL143C 0.481 
CAGL0J08844g ? NOP14 YDL148C 0.481 
CAGL0I04290g ? SUA5 YGL169W 0.480 
CAGL0K11297g ? YDR248C YDR248C 0.480 
CAGL0J08679g ? TMA46 YOR091W 0.480 
CAGL0C05643g EPA7 FLO9 YAL063C 0.479 
CAGL0C01221g ? GCD6 YDR211W 0.479 
CAGL0F08107g LSC2 LSC2 YGR244C 0.479 
CAGL0L05016g ? STB6 YKL072W 0.479 
CAGL0E05874g ? BMS1 YPL217C 0.478 
CAGL0H06985g ? UTP14 YML093W 0.478 
CAGL0L11484g ? FPR3 YML074C 0.478 
CAGL0J03014g ? VHR2 YER064C 0.478 
CAGL0H09328g ? QCR9 YGR183C 0.478 
CAGL0A00847g ? TAD3 YLR316C 0.478 
CAGL0J11066g ? NOC3 YLR002C 0.477 
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CAGL0J05346g ? SRM1 YGL097W 0.476 
CAGL0G07529g ? PFD1 YJL179W 0.476 
CAGL0K06919g MCX1 MCX1 YBR227C 0.476 
CAGL0I04994g MET6 MET6 YER091C 0.475 
CAGL0G10131g ? QCR2 YPR191W 0.475 
CAGL0E00979g ? TRM82 YDR165W 0.473 
CAGL0C01287g ? POR2 YIL114C 0.472 
CAGL0C05027g ? YAT1 YAR035W 0.472 
CAGL0D03410g ? RRN7 YJL025W 0.471 
CAGL0L09669g ? URB1 YKL014C 0.471 
CAGL0L01353g ? HYP2 YEL034W 0.470 
CAGL0M09801g ? NNT1 YLR285W 0.468 
CAGL0H10406g ? TRM3 YDL112W 0.468 
CAGL0M06567g ? FAL1 YDR021W 0.467 
CAGL0J06094g ? RIA1 YNL163C 0.467 
CAGL0F07909g ? TBS1 YBR150C 0.466 
CAGL0E02453g ? RPB11 YOL005C 0.466 
CAGL0K06457g ? RMT2 YDR465C 0.465 
CAGL0D05874g ? MPP10 YJR002W 0.465 
CAGL0M09515g ? ROX3 YBL093C 0.464 
CAGL0G01947g ? DRE2 YKR071C 0.463 
CAGL0C05115g ARG1 ARG1 YOL058W 0.462 
CAGL0G07975g ? DBP6 YNR038W 0.461 
CAGL0F03289g ? LRP1 YHR081W 0.461 
CAGL0E06534g ? NOP9 YJL010C 0.461 
CAGL0L00429g ? GCV2 YMR189W 0.459 
CAGL0H09130g ? MNN4 YKL201C 0.459 
CAGL0K07898g ? YPR084W YPR084W 0.459 
CAGL0A04455g ? SEF1 YBL066C 0.458 
CAGL0K11374g ? PCF11 YDR228C 0.458 
CAGL0H02783g ? NET1 YJL076W 0.458 
CAGL0L08096g ? MNN5 YJL186W 0.457 
CAGL0K00847g CIR1 CIR1 YGR207C 0.456 
CAGL0F05511g ? RKM2 YDR198C 0.455 
CAGL0B01617g ? HPR1 YDR138W 0.455 
CAGL0D02838g ? RIX7 YLL034C 0.454 
CAGL0F07139g ? PRP43 YGL120C 0.454 
CAGL0D06094g ? HIT1 YJR055W 0.452 
CAGL0G09196g ? DDC1 YPL194W 0.452 
CAGL0I05500g ? PRS2 YER099C 0.451 
CAGL0I09658g ? BIL1 YOR304C-A 0.451 
CAGL0L01573g ? YML053C YML053C 0.451 
CAGL0B01397g NOP8 NOP8 YOL144W 0.450 
CAGL0D01892g ? AAT2 YLR027C 0.449 
CAGL0G00374g ? RNH70 YGR276C 0.448 
CAGL0M06127g ? SEC66 YBR171W 0.446 
CAGL0K12672g ? YPT1 YFL038C 0.446 
CAGL0M00902g ? DIF1 YLR437C 0.445 
CAGL0L08272g ? CCT2 YIL142W 0.445 
CAGL0I09768g ? SNU66 YOR308C 0.444 
CAGL0C03630g ? MVD1 YNR043W 0.444 
CAGL0H08415g ? RPC11 YDR045C 0.444 
CAGL0I05676g ? PRP2 YNR011C 0.443 
CAGL0J08162g ? LYP1 YNL268W 0.443 
CAGL0F08811g ? SNU71 YGR013W 0.443 
CAGL0D01320g ? LTP1 YPR073C 0.441 
CAGL0K10076g ? VPS41 YDR080W 0.439 
CAGL0I00880g ? PSO2 YMR137C 0.439 
CAGL0K00473g ? LOS1 YKL205W 0.438 
CAGL0J00275g ? RRP45 YDR280W 0.437 
CAGL0H07183g ? TRM5 YHR070W 0.437 
CAGL0J01045g ? HCA4 YJL033W 0.437 
CAGL0K07271g ? GIS4 YML006C 0.436 
CAGL0J00671g ? MAS2 YHR024C 0.434 
CAGL0H00869g ? SRP68 YPL243W 0.434 
CAGL0E01595g ? GAS4 YOL132W 0.433 
CAGL0J10516g ? DOT1 YDR440W 0.433 
CAGL0A00451g PDR1 PDR1 YGL013C 0.431 
CAGL0M03487g ? RPC34 YNR003C 0.430 
CAGL0E05434g ? TEA1 YOR337W 0.430 
CAGL0B02755g ? YLR361C-A YLR361C-A 0.430 
CAGL0H05863g ? ELP4 YPL101W 0.430 
CAGL0I05588g ? SMM1 YNR015W 0.430 
CAGL0G09669g ? GCD7 YLR291C 0.430 
CAGL0D03300g ? SDO1 YLR022C 0.428 
CAGL0B04961g ? DPH5 YLR172C 0.428 
CAGL0B00506g ? PBN1 YCL052C 0.427 
CAGL0G01386g ? SLM2 YNL047C 0.426 
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CAGL0M12122g ? RBG1 YAL036C 0.420 
CAGL0L03784g ? NUP1 YOR098C 0.420 
CAGL0L03718g ? CMR2 YOR093C 0.420 
CAGL0I05324g ? EMC5 YIL027C 0.417 
CAGL0H04367g WAR1 WAR1 YML076C 0.417 
CAGL0M00330g HOM6 HOM6 YJR139C 0.417 
CAGL0G06688g MET4 MET4 YNL103W 0.417 
CAGL0M04939g ? TRI1 YMR233W 0.417 
CAGL0K00429g ? NPA3 YJR072C 0.416 
CAGL0D03124g ? DRS1 YLL008W 0.416 
CAGL0C02519g ? MIG3 YER028C 0.415 
CAGL0I04700r TLC1 ? ? 0.415 
CAGL0G08316g ARV1 ARV1 YLR242C 0.415 
CAGL0K07051g ? ABD1 YBR236C 0.413 
CAGL0B01485g ? PPM2 YOL141W 0.412 
CAGL0M09911g ? DUS4 YLR405W 0.409 
CAGL0D02882g ? SSK1 YLR006C 0.408 
CAGL0A00385g ? KAP122 YGL016W 0.408 
CAGL0F03135g ? RPN9 YDR427W 0.405 
CAGL0D04048g ? VMA7 YGR020C 0.400 
CAGL0J05214g ? NUP82 YJL061W 0.400 
CAGL0H10098g ? PRP6 YBR055C 0.399 
CAGL0J04114g ? ODC2 YOR222W 0.398 
CAGL0L09339g ? HAA1 YPR008W 0.398 
CAGL0B03553g ? POL5 YEL055C 0.397 
CAGL0G02167g ? TRZ1 YKR079C 0.397 
CAGL0M03641g ? MSB3 YNL293W 0.397 
CAGL0F07095g ? NAB2 YGL122C 0.395 
CAGL0H07821g ? CSE1 YGL238W 0.394 
CAGL0H07425g ? CNS1 YBR155W 0.393 
CAGL0L10043g ? MTH1 YDR277C 0.390 
CAGL0L01199g ? IES6 YEL044W 0.388 
CAGL0E05698g ? RKM1 YPL208W 0.388 
CAGL0M04059g ? PHA2 YNL316C 0.387 
CAGL0J08459g ? PSP1 YDR505C 0.384 
CAGL0J03718g ? PUS7 YOR243C 0.382 
CAGL0I10835g ? ARL1 YBR164C 0.382 
CAGL0C02805g ? GPN2 YOR262W 0.381 
CAGL0F03707g ? HRK1 YOR267C 0.379 
CAGL0G09218g ? RSA1 YPL193W 0.379 
CAGL0F03751g ? CEF1 YMR213W 0.378 
CAGL0L11704g ? SPT2 YER161C 0.375 
CAGL0B01771g ? FOB1 YDR110W 0.375 
CAGL0M00550g ? STR2 YJR130C 0.375 
CAGL0L04356g ? MTR10 YOR160W 0.375 
CAGL0F03487g ? GON7 YJL184W 0.373 
CAGL0F04477g ? PRE7 YBL041W 0.370 
CAGL0L01309g ? RAD23 YEL037C 0.370 
CAGL0L06226g ? HEK2 YBL032W 0.370 
CAGL0M11198g ? UBP8 YMR223W 0.370 
CAGL0J07392g URE2 URE2 YNL229C 0.369 
CAGL0G02585g LYS12 LYS12 YIL094C 0.369 
CAGL0C03421g ? BRE5 YNR051C 0.368 
CAGL0J05159g ? ? ? 0.368 
CAGL0L11088g ? YOR283W YOR283W 0.368 
CAGL0H07711g ? RTF1 YGL244W 0.368 
CAGL0L03003g GCN3 GCN3 YKR026C 0.367 
CAGL0L07370g ? QRI1 YDL103C 0.363 
CAGL0G01320g ? MSG5 YNL053W 0.361 
CAGL0E04378g ? TDA3 YHR009C 0.359 
CAGL0L05632g ? PBS2 YJL128C 0.358 
CAGL0C01331g ? HPM1 YIL110W 0.355 
CAGL0M03091g ? TRL1 YJL087C 0.350 
CAGL0J06182g SKO1 SKO1 YNL167C 0.345 
CAGL0J06754g ? CTK3 YML112W 0.336 
CAGL0M06919g ? FAP1 YNL023C 0.320 
CAGL0F03729g ? SCJ1 YMR214W -0.326 
CAGL0E04796g ? GTB1 YDR221W -0.328 
CAGL0I10945g YCA1 MCA1 YOR197W -0.328 
CAGL0L00737g ? SYG1 YIL047C -0.329 
CAGL0G09361g ? PDX1 YGR193C -0.333 
CAGL0J01199g ? ATP25 YMR098C -0.338 
CAGL0M09779g CTS1 CTS1 YLR286C -0.338 
CAGL0F02695g ? MRP20 YDR405W -0.344 
CAGL0I04466g ? BUD14 YAR014C -0.346 
CAGL0E03520g ? MRPL15 YLR312W-A -0.346 
CAGL0C04257g ? COQ1 YBR003W -0.356 
CAGL0L06446g ? YDR132C YDR132C -0.357 
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CAGL0H07029g ? MRPL35 YDR322W -0.363 
CAGL0L04334g ? PET123 YOR158W -0.364 
CAGL0F01089g ? SIL1 YOL031C -0.365 
CAGL0C04697g ? RSM26 YJR101W -0.367 
CAGL0J02926g PET117 PET117 YER058W -0.369 
CAGL0M05621g ? CSH1 YBR161W -0.369 
CAGL0M09713g ? YIM1 YMR152W -0.370 
CAGL0J10978g ? GIC2 YDR309C -0.372 
CAGL0H09086g ? YHR127W YHR127W -0.373 
CAGL0F09097g SKN7 SKN7 YHR206W -0.375 
CAGL0J05236g ? LAS21 YJL062W -0.375 
CAGL0K02277g ? DSE1 YER124C -0.376 
CAGL0I08371g ? ORC4 YPR162C -0.376 
CAGL0H01177g ? DPP1 YDR284C -0.377 
CAGL0D01012g ? MBP1 YDL056W -0.378 
CAGL0A02992g ? BCS1 YDR375C -0.378 
CAGL0I03564g ? CLB3 YDL155W -0.378 
CAGL0H06193g ? FUN30 YAL019W -0.380 
CAGL0M00880g CAR2 CAR2 YLR438W -0.380 
CAGL0G00176g ERV29 ERV29 YGR284C -0.381 
CAGL0J05247g ? COA3 YJL062W-A -0.381 
CAGL0I02156g ? YAP1801 YHR161C -0.382 
CAGL0F05885g ? HOF1 YMR032W -0.385 
CAGL0C03487g ? CDC50 YCR094W -0.385 
CAGL0J05258g ? MRPL8 YJL063C -0.386 
CAGL0B02145g ? TOS2 YGR221C -0.387 
CAGL0I01320g ? FRD1 YEL047C -0.389 
CAGL0J08888g ? TUB4 YLR212C -0.390 
CAGL0F03575g ? TRE1 YPL176C -0.392 
CAGL0I05632g PHO91 PHO91 YNR013C -0.392 
CAGL0G04389g ? GZF3 YJL110C -0.392 
CAGL0H00308g ? PDP3 YLR455W -0.393 
CAGL0G02365g ? TGL4 YKR089C -0.394 
CAGL0I04554g GRX7 GRX7 YBR014C -0.395 
CAGL0K06237g ? PPN1 YDR452W -0.396 
CAGL0M13475g ? HSH155 YMR288W -0.398 
CAGL0K10274g ? CAT5 YOR125C -0.398 
CAGL0A03630g ? TFC4 YGR047C -0.399 
CAGL0A03476g ? SMF3 YLR034C -0.399 
CAGL0C00429g ? NYV1 YLR093C -0.400 
CAGL0G02541g ? ESL1 YIL151C -0.401 
CAGL0J08052g ? YIF1 YNL263C -0.401 
CAGL0M05511g ? FTH1 YBR207W -0.401 
CAGL0K01243g ? MRPL25 YGR076C -0.404 
CAGL0C01375g ? YIL108W YIL108W -0.404 
CAGL0A04565g SWI4 SWI4 YER111C -0.405 
CAGL0G06952g PHM3 VTC4 YJL012C -0.405 
CAGL0H01793g ? MNN14 YJR061W -0.406 
CAGL0B02563g GIN3 MSC1 YML128C -0.409 
CAGL0A04477g ? UBP13 YBL067C -0.410 
CAGL0D02376g ? CLF1 YLR117C -0.411 
CAGL0L04488g ? SWT1 YOR166C -0.411 
CAGL0H03025g ? PAN2 YGL094C -0.412 
CAGL0I06534g ? OXA1 YER154W -0.412 
CAGL0H04587g ? AVT5 YBL089W -0.412 
CAGL0E04114g ? AFG1 YEL052W -0.412 
CAGL0L10648g ? CLN1 YMR199W -0.413 
CAGL0H03883g ? MRP7 YNL005C -0.413 
CAGL0K00297g ? SAC1 YKL212W -0.415 
CAGL0H09768g ? FMP52 YER004W -0.416 
CAGL0M04257g ? DCN1 YLR128W -0.417 
CAGL0G03223g ? ESP1 YGR098C -0.417 
CAGL0H01287g ? SSD1 YDR293C -0.418 
CAGL0G03861g ? TAM41 YGR046W -0.419 
CAGL0L02101g ? BSD2 YBR290W -0.419 
CAGL0A00429g ERG4 ERG4 YGL012W -0.420 
CAGL0M09405g ? RTG3 YBL103C -0.421 
CAGL0F01331g ? PET127 YOR017W -0.422 
CAGL0K02761g ? HSE1 YHL002W -0.422 
CAGL0D05786g ? RTT109 YLL002W -0.423 
CAGL0D00286g BMT1 ? ? -0.424 
CAGL0H04873g ? STP3 YLR375W -0.424 
CAGL0K07590g MYO3 MYO3 YKL129C -0.424 
CAGL0M03113g ? EXO70 YJL085W -0.424 
CAGL0L07414g ? NSE4 YDL105W -0.425 
CAGL0L03960g ? DMA1 YHR115C -0.426 
CAGL0J03388g ? AIR2 YDL175C -0.427 
CAGL0G08338g ? CSC1 YLR241W -0.429 
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CAGL0K01793g ? ERP3 YDL018C -0.430 
CAGL0E00891g ? STB3 YDR169C -0.430 
CAGL0J10230g ? MSK1 YNL073W -0.430 
CAGL0L02365g ? WBP1 YEL002C -0.430 
CAGL0I04598g ? TCM62 YBR044C -0.433 
CAGL0I08811g ? PEX35 YGR168C -0.435 
CAGL0M04895g ? PEP5 YMR231W -0.435 
CAGL0L09108g ? PDH1 YPR002W -0.437 
CAGL0K05269g ? NTO1 YPR031W -0.439 
CAGL0K05005g ? ALG9 YNL219C -0.440 
CAGL0H02695g ? GLG1 YKR058W -0.440 
CAGL0K03773g ? SAS2 YMR127C -0.441 
CAGL0J02684g ? ERG28 YER044C -0.441 
CAGL0L08294g ? AXL2 YIL140W -0.441 
CAGL0M11506g ? ERG27 YLR100W -0.442 
CAGL0K10912g ? MRPL24 YMR193W -0.442 
CAGL0B03971g ? SNG1 YGR197C -0.443 
CAGL0M13541g ? TDA1 YMR291W -0.444 
CAGL0L13178g ? FMP25 YLR077W -0.444 
CAGL0K02959g ? NEM1 YHR004C -0.444 
CAGL0J11330g ? MRPL19 YNL185C -0.444 
CAGL0M13255g ? YET1 YKL065C -0.445 
CAGL0E06336g ? SRP102 YKL154W -0.446 
CAGL0F00759g ? PMT2 YAL023C -0.447 
CAGL0E06072g ? YMR181C YMR181C -0.447 
CAGL0M01936g ? PFF1 YBR074W -0.447 
CAGL0K10956g ? COX14 YML129C -0.447 
CAGL0E01309g ? EKI1 YDR147W -0.448 
CAGL0G08668g ? SIM1 YIL123W -0.449 
CAGL0C02431g ? FIR1 YER032W -0.450 
CAGL0A00517g ? PMC1 YGL006W -0.452 
CAGL0F07997g ? KEL2 YGR238C -0.454 
CAGL0F04785g ? VHS2 YIL135C -0.454 
CAGL0H02233g ? PPA2 YMR267W -0.454 
CAGL0K09768g ? NAM9 YNL137C -0.455 
CAGL0J07018g ? MCO76 YPL109C -0.455 
CAGL0D05412g ? MRPS5 YBR251W -0.457 
CAGL0L10912g ? TPO4 YOR273C -0.457 
CAGL0L08140g ? BPH1 YCR032W -0.459 
CAGL0L02651g ? STE13 YOR219C -0.461 
CAGL0L06908g ? SUB2 YDL084W -0.461 
CAGL0B00858g ? STE50 YCL032W -0.462 
CAGL0M00858g MRPL4 MRPL4 YLR439W -0.462 
CAGL0E04136g ? MAK10 YEL053C -0.463 
CAGL0H04741g ? ERV25 YML012W -0.463 
CAGL0M05533g DUR1,2 DUR1,2 YBR208C -0.464 
CAGL0I03498g ? STE7 YDL159W -0.464 
CAGL0H06281g ? TPD3 YAL016W -0.464 
CAGL0J10472g ? SSN2 YDR443C -0.466 
CAGL0G07931g ? MRPS12 YNR036C -0.467 
CAGL0I05280g ? YKE4 YIL023C -0.467 
CAGL0I09328g ? TSC10 YBR265W -0.468 
CAGL0L03432g ? GWT1 YJL091C -0.468 
CAGL0D04466g ? PSF1 YDR013W -0.469 
CAGL0J05082g ? IKS1 YJL057C -0.471 
CAGL0E00715g ? RSM24 YDR175C -0.473 
CAGL0C05533g ? AIM6 YDL237W -0.473 
CAGL0M01342g PEX3 PEX3 YDR329C -0.474 
CAGL0E04400g ? DIA4 YHR011W -0.474 
CAGL0C04026g ? MNT3 YIL014W -0.475 
CAGL0H05005g ? CSR1 YLR380W -0.477 
CAGL0L07392g ? QRI7 YDL104C -0.478 
CAGL0E05830g ? CBP3 YPL215W -0.478 
CAGL0E06468g ? AVT3 YKL146W -0.479 
CAGL0E06314g ? RSM22 YKL155C -0.480 
CAGL0D04268g ? CTF18 YMR078C -0.480 
CAGL0M01298g ? GPI8 YDR331W -0.481 
CAGL0M06611g ? AVT7 YIL088C -0.481 
CAGL0A04081g ? NCW2 YLR194C -0.481 
CAGL0L07480g ? NRG2 YBR066C -0.481 
CAGL0B03597g ? PCM1 YEL058W -0.482 
CAGL0H00979g ? ENV7 YPL236C -0.482 
CAGL0E05170g GRE2(A) ARI1 YGL157W -0.485 
CAGL0F01529g ? MEF1 YLR069C -0.485 
CAGL0M08338g ? MRPL38 YKL170W -0.487 
CAGL0K03333g ? MUB1 YMR100W -0.487 
CAGL0H04147g ? ? ? -0.487 
CAGL0L12298g ? PDS1 YDR113C -0.487 
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CAGL0L03938g ? YNL115C YNL115C -0.489 
CAGL0F03685g ? COX10 YPL172C -0.490 
CAGL0L08052g ? FEN2 YCR028C -0.490 
CAGL0G02079g ? RPL3 YOR063W -0.490 
CAGL0H06611g ? ESL1 YIL151C -0.491 
CAGL0D04158g ? RSM25 YIL093C -0.491 
CAGL0A02475g ? ATP22 YDR350C -0.492 
CAGL0M09603g ? MRPS8 YMR158W -0.492 
CAGL0J04686g ATG17 ATG17 YLR423C -0.494 
CAGL0G03553g ? SLX8 YER116C -0.494 
CAGL0I08723g ? MSM1 YGR171C -0.494 
CAGL0F01969g ? MLO50 YLR049C -0.495 
CAGL0G07887g ? VOA1 YGR106C -0.496 
CAGL0A03883g ? QRI5 YLR204W -0.498 
CAGL0J00495g ? ERC1 YHR032W -0.498 
CAGL0H06743g ? COA1 YIL157C -0.499 
CAGL0A04279g ? YBL055C YBL055C -0.499 
CAGL0I01386g ? UTR1 YJR049C -0.499 
CAGL0C01727g ? ALG7 YBR243C -0.499 
CAGL0J09856g ? MRPL36 YBR122C -0.500 
CAGL0D04752g ? YPR127W YPR127W -0.500 
CAGL0K09988g ? TVP23 YDR084C -0.501 
CAGL0I05896g YAK1 YAK1 YJL141C -0.502 
CAGL0L10824g ? IMG1 YCR046C -0.504 
CAGL0J04774g ? TDA5 YLR426W -0.505 
CAGL0M06391g ? MBA1 YBR185C -0.506 
CAGL0M07271g ? GRX5 YPL059W -0.506 
CAGL0C03333g ? FRE6 YLL051C -0.506 
CAGL0L04664g HEM15 HEM15 YOR176W -0.506 
CAGL0M11990g ? CLN3 YAL040C -0.507 
CAGL0J07876g ? RTC4 YNL254C -0.508 
CAGL0M13321g ? SVP26 YHR181W -0.509 
CAGL0H00374g SST2 SST2 YLR452C -0.509 
CAGL0M05929g ? PAM17 YKR065C -0.511 
CAGL0D03520g ? MIA40 YKL195W -0.512 
CAGL0B03817g ? MHO1 YJR008W -0.512 
CAGL0L08712g ? CIP1 YPL014W -0.513 
CAGL0K12958g ? YML131W YML131W -0.514 
CAGL0B01100g ? TFS1 YLR178C -0.514 
CAGL0E02013g ? RPL18A YOL120C -0.515 
CAGL0K06633g ? AME1 YBR211C -0.515 
CAGL0K12056g ? RSM10 YDR041W -0.515 
CAGL0J10120g ? FKH1 YIL131C -0.516 
CAGL0M09317g ? AIM24 YJR080C -0.516 
CAGL0C00385g ? IOC2 YLR095C -0.516 
CAGL0J04158g RCN2 RCN2 YOR220W -0.516 
CAGL0I09966g ? AIM39 YOL053W -0.517 
CAGL0I02530g ? FMO1 YHR176W -0.517 
CAGL0D03036g ? AVT1 YJR001W -0.518 
CAGL0M02387g ? PXA1 YPL147W -0.518 
CAGL0K04521g ? COX18 YGR062C -0.519 
CAGL0A01738g ? OCH1 YGL038C -0.520 
CAGL0H04565g ? MRP21 YBL090W -0.520 
CAGL0M09108g ? JSN1 YJR091C -0.521 
CAGL0K08338g ? YOR385W YOR385W -0.522 
CAGL0C04543g ? YJR096W YJR096W -0.522 
CAGL0I08481g ? MRP2 YPR166C -0.523 
CAGL0J09878g ? TFC1 YBR123C -0.523 
CAGL0G05027g ? RPS13 YDR064W -0.523 
CAGL0B02255g ? RSM27 YGR215W -0.524 
CAGL0A03146g ? COI1 YDR381C-A -0.525 
CAGL0F04697g ? YLR257W YLR257W -0.525 
CAGL0F03663g ? MRPL40 YPL173W -0.526 
CAGL0M06655g ? HHT2 YNL031C -0.526 
CAGL0K11836g ? RAD28 YDR030C -0.527 
CAGL0L10758g PFK2 PFK2 YMR205C -0.528 
CAGL0J05038g ? YJL055W YJL055W -0.529 
CAGL0I09042g ? ECO1 YFR027W -0.529 
CAGL0M11236g ? MRPL44 YMR225C -0.530 
CAGL0E02299g ? HRD1 YOL013C -0.530 
CAGL0H08888g ? FLC3 YGL139W -0.532 
CAGL0C03553g ? PET494 YNR045W -0.533 
CAGL0M09647g ? YMR155W YMR155W -0.536 
CAGL0E02981g ? GPC1 YGR149W -0.537 
CAGL0M08206g ? TOH1 YJL171C -0.539 
CAGL0M07513g ? MRPL3 YMR024W -0.539 
CAGL0A02134g ? YSC83 YHR017W -0.540 
CAGL0L04158g ? FAR11 YNL127W -0.541 
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CAGL0G00594g ? ERG26 YGL001C -0.542 
CAGL0I09548g ? RSM23 YGL129C -0.542 
CAGL0A04103g ? UPS1 YLR193C -0.543 
CAGL0F08305g ? MTM1 YGR257C -0.547 
CAGL0L05676g ? URA2 YJL130C -0.547 
CAGL0F01111g ? OPI10 YOL032W -0.548 
CAGL0H04103g ? UFO1 YML088W -0.551 
CAGL0F04895g ? GPH1 YPR160W -0.552 
CAGL0I03740g ? YDL144C YDL144C -0.553 
CAGL0C01771g ? YBR241C YBR241C -0.554 
CAGL0G05764g ? RHO5 YNL180C -0.554 
CAGL0D04642g ? CLB5 YPR120C -0.554 
CAGL0J09834g ? PTC4 YBR125C -0.554 
CAGL0M09636g ? TPP1 YMR156C -0.556 
CAGL0L01177g FRDS1 FRD1 YEL047C -0.556 
CAGL0G09999g ? ATG13 YPR185W -0.557 
CAGL0D02266g ? TFB6 YOR352W -0.558 
CAGL0B04015g ? PCT1 YGR202C -0.558 
CAGL0M00770g SIR3 SIR3 YLR442C -0.559 
CAGL0F09163g ? FMP10 YER182W -0.559 
CAGL0H08954g ? MRM2 YGL136C -0.560 
CAGL0D01782g ? MDS3 YGL197W -0.562 
CAGL0C01705g GPX2 GPX2 YBR244W -0.564 
CAGL0C04609g ? YUH1 YJR099W -0.565 
CAGL0I09636g ? RNT1 YMR239C -0.566 
CAGL0K00979g ? PMT6 YGR199W -0.567 
CAGL0M07491g ? CSI1 YMR025W -0.568 
CAGL0K05863g ? AIM14 YGL160W -0.568 
CAGL0H04983g PSA1 PSA1 YDL055C -0.568 
CAGL0A01366g EPA9 FLO1 YAR050W -0.568 
CAGL0I00770g ? FDO1 YMR144W -0.568 
CAGL0I01650g ? MLO127 YJR039W -0.568 
CAGL0M13695g ? DYN3 YMR299C -0.569 
CAGL0K05973g HSP60 HSP60 YLR259C -0.569 
CAGL0F07051g ? MON1 YGL124C -0.570 
CAGL0M06882r ? ? ? -0.571 
CAGL0L06644g ? RTT107 YHR154W -0.572 
CAGL0D02156g ? GNA1 YFL017C -0.574 
CAGL0G05808g ? YDL211C YDL211C -0.574 
CAGL0F05951g ? IMP2 YMR035W -0.576 
CAGL0H03751g ? RFX1 YLR176C -0.577 
CAGL0H05599g ? YDC1 YPL087W -0.577 
CAGL0J02904g ? GIP2 YER054C -0.578 
CAGL0F06391g ? BUB2 YMR055C -0.579 
CAGL0A02387g ? MRP1 YDR347W -0.579 
CAGL0H04389g ? GEP4 YHR100C -0.580 
CAGL0J11198g ? MRPL22 YNL177C -0.581 
CAGL0J05302g ? MPM1 YJL066C -0.584 
CAGL0K11968g ? EHD3 YDR036C -0.585 
CAGL0L06622g PHO81 PHO81 YGR233C -0.588 
CAGL0F04279g ? RIB1 YBL033C -0.588 
CAGL0L01925g UGP1 UGP1 YKL035W -0.590 
CAGL0A04169g ? MMR1 YLR190W -0.591 
CAGL0D04114g NCP1 NCP1 YHR042W -0.591 
CAGL0J09812g TPS1 TPS1 YBR126C -0.592 
CAGL0F03069g CAD1 CAD1 YDR423C -0.593 
CAGL0I06292g PEX2 PEX2 YJL210W -0.593 
CAGL0L03355g ? YKR045C YKR045C -0.594 
CAGL0H05335g ? UBP16 YPL072W -0.594 
CAGL0I06402g ? VPS4 YPR173C -0.594 
CAGL0K03113g ? YLF2 YHL014C -0.595 
CAGL0D01760g ? YIP4 YGL198W -0.596 
CAGL0L04642g ? ALE1 YOR175C -0.597 
CAGL0E04224g ? YBR071W YBR071W -0.597 
CAGL0I06424g ? YPR172W YPR172W -0.598 
CAGL0M11242g ? YMR226C YMR226C -0.598 
CAGL0G09581g ? TUF1 YOR187W -0.599 
CAGL0H09240g ? MNT3 YIL014W -0.599 
CAGL0J05874g ? ASI2 YNL159C -0.600 
CAGL0I08591g ? AFR1 YDR085C -0.601 
CAGL0M03883g ? MRPS18 YNL306W -0.601 
CAGL0G07821g ? GTF1 YGR102C -0.604 
CAGL0H05027g ? CTF3 YLR381W -0.604 
CAGL0K05137g ? ATH1 YPR026W -0.607 
CAGL0F03883g GAS4 GAS3 YMR215W -0.608 
CAGL0M11308g ? YPK9 YOR291W -0.609 
CAGL0D03806g ? FYV4 YHR059W -0.610 
CAGL0G04213g ? RNR2 YJL026W -0.612 
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CAGL0A01089g ? PBI1 YPL272C -0.613 
CAGL0H06677g ? IMP2' YIL154C -0.613 
CAGL0I01100g GCY1 GCY1 YOR120W -0.614 
CAGL0J09570g PEX5B PEX5 YDR244W -0.614 
CAGL0D00726g ? CBS1 YDL069C -0.615 
CAGL0A02904g ? CTS2 YDR371W -0.615 
CAGL0M06721g ? CAB2 YIL083C -0.615 
CAGL0J07040g ? GDE1 YPL110C -0.617 
CAGL0H08998g ? PCL10 YGL134W -0.618 
CAGL0K12760g ? LAM5 YFL042C -0.618 
CAGL0L07744g ? ADP1 YCR011C -0.618 
CAGL0L11616g ? RTC5 YOR118W -0.620 
CAGL0L12276g ? XDJ1 YLR090W -0.620 
CAGL0L10736g ? INP1 YMR204C -0.621 
CAGL0G05676g ? RRI1 YDL216C -0.622 
CAGL0L12628g ? MRX11 YPL041C -0.622 
CAGL0M04301g ? ZRT2 YLR130C -0.625 
CAGL0C04895g ? YMR1 YJR110W -0.625 
CAGL0B04235g SCP120 ? ? -0.625 
CAGL0D03542g ? MST1 YKL194C -0.625 
CAGL0K11198g ? PRP28 YDR243C -0.626 
CAGL0H01353g ? MHR1 YDR296W -0.626 
CAGL0I02970g ? ERG24 YNL280C -0.628 
CAGL0D06600g ? KNS1 YLL019C -0.628 
CAGL0A01694g ? YGL036W YGL036W -0.632 
CAGL0M06237g ? EHT1 YBR177C -0.636 
CAGL0L00451g ? MRPS17 YMR188C -0.636 
CAGL0C00451g ? YBR137W YBR137W -0.638 
CAGL0M08184g STE3 STE3 YKL178C -0.638 
CAGL0H00484g ? IBA57 YJR122W -0.638 
CAGL0K07436g ? YHM2 YMR241W -0.641 
CAGL0D06204g ? RIM8 YGL045W -0.644 
CAGL0M11088g ? ? ? -0.646 
CAGL0M10978g ? ? ? -0.647 
CAGL0H01859g ? APS2 YJR058C -0.648 
CAGL0F08657g PEX23 PEX31 YGR004W -0.648 
CAGL0F04851g ? NCA2 YPR155C -0.650 
CAGL0C00319g ? CPS1 YJL172W -0.650 
CAGL0K08536g APE1 APE1 YKL103C -0.650 
CAGL0J03300g ? ICP55 YER078C -0.651 
CAGL0H05841g ? ATG21 YPL100W -0.651 
CAGL0L05280g ? CYT2 YKL087C -0.651 
CAGL0C02937g ? PAC1 YOR269W -0.652 
CAGL0K01133g ? TWF1 YGR080W -0.653 
CAGL0M02519g ? FRK1 YPL141C -0.654 
CAGL0M06061g PEX32 PEX32 YBR168W -0.655 
CAGL0K11044g ? MRPL7 YDR237W -0.655 
CAGL0I03652g ? ATG9 YDL149W -0.655 
CAGL0F05995g MSN2 MSN2 YMR037C -0.656 
CAGL0H05907g ? MSD1 YPL104W -0.656 
CAGL0J04950g ? IRC8 YJL051W -0.657 
CAGL0G08734g ? RPL9B YNL067W -0.658 
CAGL0B01419g RIB4 RIB4 YOL143C -0.658 
CAGL0K05929r tP(UGG)7 ? ? -0.659 
CAGL0M11066g ? CLB6 YGR109C -0.660 
CAGL0I01870g PEX24 PEX28 YHR150W -0.660 
CAGL0B02167g ? MRPL9 YGR220C -0.661 
CAGL0I07491g ? IZH4 YOL101C -0.661 
CAGL0A00957g PEX23B PEX30 YLR324W -0.662 
CAGL0M12903g SEC28 SEC28 YIL076W -0.662 
CAGL0K05379g VMA13 VMA13 YPR036W -0.663 
CAGL0H10362g ? TMA17 YDL110C -0.663 
CAGL0G07513g ? ATP12 YJL180C -0.667 
CAGL0K01419g ? MTF2 YDL044C -0.669 
CAGL0M13189g MSN4 MSN4 YKL062W -0.669 
CAGL0C00946g ? ? ? -0.669 
CAGL0H07623g ? RMR1 YGL250W -0.670 
CAGL0J04400g ? HAP3 YBL021C -0.672 
CAGL0G09383g TDH3 TDH3 YGR192C -0.672 
CAGL0E01331g SWI5 SWI5 YDR146C -0.673 
CAGL0I08085g ? SDH5 YOL071W -0.676 
CAGL0L07326g ? DUN1 YDL101C -0.678 
CAGL0K07524g PMU1 PMU1 YKL128C -0.681 
CAGL0K11275g ? VHS1 YDR247W -0.682 
CAGL0L04224g ? MRPL23 YOR150W -0.683 
CAGL0C04092g TRP1 TRP1 YDR007W -0.685 
CAGL0G01881g ? MRPL51 YPR100W -0.687 
CAGL0I01672g ? HUL4 YJR036C -0.687 
Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




CAGL0A02530g ? TRR1 YDR353W -0.688 
CAGL0G06996g ? ? ? -0.689 
CAGL0C03982g ? MNT3 YIL014W -0.692 
CAGL0K12386g ? EPL1 YFL024C -0.692 
CAGL0J03542g ? ATG15 YCR068W -0.695 
CAGL0D00594g ? RXT3 YDL076C -0.695 
CAGL0H02123g ? NAM8 YHR086W -0.697 
CAGL0J00715g ? YHR022C YHR022C -0.698 
CAGL0C00968g ? ? ? -0.699 
CAGL0D03982g ? PUT2 YHR037W -0.701 
CAGL0M04147g ? VNX1 YNL321W -0.703 
CAGL0J03916g ? HES1 YOR237W -0.709 
CAGL0F07513g ? MBR1 YKL093W -0.710 
CAGL0J03674g ? DGA1 YOR245C -0.712 
CAGL0M08712g ? AKR1 YDR264C -0.716 
CAGL0M14025g ? YMR315W YMR315W -0.717 
CAGL0M07001g ? EGO2 YCR075W-A -0.717 
CAGL0J03806g ? WTM1 YOR230W -0.719 
CAGL0H08327g TPI1 TPI1 YDR050C -0.720 
CAGL0K07315g ? COA6 YMR244C-A -0.721 
CAGL0I04704r ? ? ? -0.721 
CAGL0G05962g ? YHR140W YHR140W -0.722 
CAGL0D03652g ? SPT21 YMR179W -0.724 
CAGL0B00440g ? ? ? -0.726 
CAGL0C04807g ? RSM7 YJR113C -0.729 
CAGL0C02013g ? YFR045W YFR045W -0.729 
CAGL0K01683g GPD1 GPD1 YDL022W -0.731 
CAGL0F08239g ? COQ6 YGR255C -0.732 
CAGL0A04147g PEX13 PEX13 YLR191W -0.732 
CAGL0I02486g ENO1 ENO1 YGR254W -0.732 
CAGL0K02805g IPC1 AUR1 YKL004W -0.733 
CAGL0F02827g ? DFM1 YDR411C -0.735 
CAGL0F06325g ? STB2 YMR053C -0.735 
CAGL0A01284g EPA10 FLO1 YAR050W -0.735 
CAGL0C03674g ? DPI29 YNR040W -0.737 
CAGL0A04301g ? PTC3 YBL056W -0.737 
CAGL0F07975g ? YGR237C YGR237C -0.738 
CAGL0L02497g FBA1 FBA1 YKL060C -0.742 
CAGL0I09394g ? SDH8 YBR269C -0.742 
CAGL0K02585g YAP3 YAP3 YHL009C -0.746 
CAGL0D05632g ? COX17 YLL009C -0.747 
CAGL0I04796g ? SCO2 YBR024W -0.751 
CAGL0K12980g BMT7 ? ? -0.751 
CAGL0H06545g ? ATG32 YIL146C -0.751 
CAGL0H08602g ? MSF1 YPR047W -0.754 
CAGL0M04565g ? ACF2 YLR144C -0.755 
CAGL0J10868g ? HTD2 YHR067W -0.756 
CAGL0M00594g ? RSF2 YJR127C -0.756 
CAGL0D02794g ? WSC4 YHL028W -0.763 
CAGL0M12727g ? MAM33 YIL070C -0.763 
CAGL0E03828g ? ECM29 YHL030W -0.764 
CAGL0L07128g ? UBX3 YDL091C -0.764 
CAGL0H01375g SUR2 SUR2 YDR297W -0.764 
CAGL0E00759g ? ARG82 YDR173C -0.764 
CAGL0K05357g ? GLN1 YPR035W -0.766 
CAGL0L06930g ? YDL085C-A YDL085C-A -0.768 
CAGL0K05775g ? SDH7 YDR511W -0.768 
CAGL0G03619g ? AVT5 YBL089W -0.768 
CAGL0E01969g ? SMF1 YOL122C -0.771 
CAGL0M12166g ? PTA1 YAL043C -0.771 
CAGL0K07458g ? YPK1 YKL126W -0.772 
CAGL0K08734g ? YIR014W YIR014W -0.774 
CAGL0G06776g ? MRPL32 YCR003W -0.778 
CAGL0E00341g MTL1a HMRA1 YCR097W -0.778 
CAGL0D04708g ? CTR1 YPR124W -0.779 
CAGL0D04092g DOG2 DOG2 YHR043C -0.782 
CAGL0H06699g ? GUT2 YIL155C -0.783 
CAGL0J03146g ? RNR1 YER070W -0.786 
CAGL0M00792g ? ? ? -0.787 
CAGL0G05335g TPS2 TPS2 YDR074W -0.790 
CAGL0H05379g ? GCR1 YPL075W -0.791 
CAGL0J00187g ? YGR026W YGR026W -0.792 
CAGL0L03091g ? SET3 YKR029C -0.795 
CAGL0M10285g ? BYE1 YKL005C -0.796 
CAGL0I00418g ? OLE1 YGL055W -0.802 
CAGL0E06006g ? MMT1 YMR177W -0.805 
CAGL0A02024g ? LAG2 YOL025W -0.807 
CAGL0F08371g TNA1 TNA1 YGR260W -0.808 
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CAGL0D04070g ? DPC29 YGR021W -0.809 
CAGL0I10604g ? YGR126W YGR126W -0.809 
CAGL0J01441g ? ADH3 YMR083W -0.810 
CAGL0B04411g ? POA1 YBR022W -0.811 
CAGL0I02420g ? ATG7 YHR171W -0.811 
CAGL0G09515g ? SPR1 YOR190W -0.813 
CAGL0H00264g ? NBP1 YLR457C -0.815 
CAGL0D04422g ? FEX2 YPL279C -0.818 
CAGL0I02046g ? YPR127W YPR127W -0.820 
CAGL0G07249g ? YHP1 YDR451C -0.824 
CAGL0J04092g ? DSC3 YOR223W -0.826 
CAGL0I06050g INO1 INO1 YJL153C -0.830 
CAGL0E01859g YPS10 YPS1 YLR120C -0.830 
CAGL0G05511g ? WHI4 YDL224C -0.831 
CAGL0J11176g ? TDA7 YNL176C -0.831 
CAGL0G01166g ? DIC1 YLR348C -0.832 
CAGL0F05071g ? ECI1 YLR284C -0.832 
CAGL0I07249g ? BAG7 YOR134W -0.837 
CAGL0M12749g ? PCI8 YIL071C -0.837 
CAGL0B04719g ? YCL002C YCL002C -0.839 
CAGL0E05214g ? YPL088W YPL088W -0.843 
CAGL0J01309g ? NPL6 YMR091C -0.850 
CAGL0L09405r tG(GCC)10 ? ? -0.850 
CAGL0M13365g ? SSP1 YHR184W -0.851 
CAGL0I10582g ? YGR127W YGR127W -0.852 
CAGL0K11341g ? COX20 YDR231C -0.853 
CAGL0F08261g ? ENO1 YGR254W -0.859 
CAGL0B02970g BMT5 ? ? -0.863 
CAGL0H06787g ? POT1 YIL160C -0.864 
CAGL0C02453g ? YPT31 YER031C -0.864 
CAGL0I02618r tY(GUA)3 ? ? -0.866 
CAGL0J00825g ? GYP6 YJL044C -0.869 
CAGL0B03014g ? MNT3 YIL014W -0.871 
CAGL0H00594g ? BBP1 YPL255W -0.873 
CAGL0H10054g ? YBR053C YBR053C -0.874 
CAGL0K00891g ? TDA10 YGR205W -0.875 
CAGL0L02717g ? AIM41 YOR215C -0.876 
CAGL0C02211g UTR2 UTR2 YEL040W -0.877 
CAGL0F05819g ? NVJ3 YDR179W-A -0.879 
CAGL0M02629g ? ISU1 YPL135W -0.883 
CAGL0E02233g ? PCL1 YNL289W -0.884 
CAGL0C05423g ? PTP1 YDL230W -0.886 
CAGL0G07315g ? RCF1 YML030W -0.890 
CAGL0H00781g ? YPL247C YPL247C -0.891 
CAGL0A00341g ? MPO1 YGL010W -0.893 
CAGL0H04455g ? INP2 YMR163C -0.899 
CAGL0K04719g ? YNL208W YNL208W -0.900 
CAGL0K02739g ? LAG1 YHL003C -0.903 
CAGL0K05687g ? OYE2 YHR179W -0.905 
CAGL0K06259g TSA1 TSA2 YDR453C -0.905 
CAGL0G07337g ? NHX1 YDR456W -0.907 
CAGL0L07634g ? YML002W YML002W -0.910 
CAGL0M08536g ? YKL162C YKL162C -0.910 
CAGL0J11132g ? MDG1 YNL173C -0.911 
CAGL0I01496g ? ECM10 YEL030W -0.926 
CAGL0C03916g ? MNT3 YIL014W -0.929 
CAGL0L08030g ? SLM5 YCR024C -0.934 
CAGL0K06545g ? UGO1 YDR470C -0.934 
CAGL0L04598g ? DCS2 YOR173W -0.935 
CAGL0K00671g ? RPS14A YCR031C -0.945 
CAGL0K08756g AP5 YAP5 YIR018W -0.946 
CAGL0L08547g ? ? ? -0.947 
CAGL0L13392g ? ? ? -0.954 
CAGL0F04499g ? FUI1 YBL042C -0.965 
CAGL0K01705g ? GPM2 YDL021W -0.966 
CAGL0M02673g ? COX11 YPL132W -0.973 
CAGL0B02981g ? MNT3 YIL014W -0.974 
CAGL0C01078g ? ? ? -0.975 
CAGL0A02211g ? HXT7 YDR342C -0.984 
CAGL0I00638g ? COQ11 YLR290C -0.987 
CAGL0M08470r tE(UUC)9 ? ? -0.987 
CAGL0J01397g ? YMR087W YMR087W -0.988 
CAGL0E06380g ? NNR2 YKL151C -0.989 
CAGL0B03421g ? HAP1 YLR256W -0.992 
CAGL0L03157g ? DAL80 YKR034W -0.997 
CAGL0H05775g ? MSY1 YPL097W -1.003 
CAGL0G05357g ? NNR1 YNL200C -1.005 
CAGL0L11374g ? DAK1 YML070W -1.008 
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CAGL0B00616g ? SPS22 YCL048W -1.017 
CAGL0E05192g ? YPL088W YPL088W -1.019 
CAGL0H08712g ? ? ? -1.020 
CAGL0B02882g BMT2 ? ? -1.023 
CAGL0K09702g ? YNL134C YNL134C -1.036 
CAGL0K11572g ? SBA1 YKL117W -1.040 
CAGL0J09988g ? MTQ1 YNL063W -1.040 
CAGL0K00308r ? ? ? -1.045 
CAGL0J06908g ? DBP1 YPL119C -1.046 
CAGL0J06270g ? YDL176W YDL176W -1.048 
CAGL0K07546g PMU2 PMU1 YKL128C -1.057 
CAGL0B03267g ? MRPL27 YBR282W -1.064 
CAGL0H07337g ? ? ? -1.077 
CAGL0K10626g ? GSY1 YFR015C -1.078 
CAGL0H10164g ? MUM2 YBR057C -1.083 
CAGL0K12716g ? YFL040W YFL040W -1.087 
CAGL0K00605g ? CDC6 YJL194W -1.092 
CAGL0L11902g ? ADK2 YER170W -1.092 
CAGL0J04048g ? ISU2 YOR226C -1.097 
CAGL0M12771g ? HOP1 YIL072W -1.099 
CAGL0K12100g ? HEM13 YDR044W -1.102 
CAGL0M12210g ? BOL1 YAL044W-A -1.113 
CAGL0M04103g ? HXT14 YNL318C -1.115 
CAGL0L10802g ? RRT12 YCR045C -1.119 
CAGL0E02519g ? IZH2 YOL002C -1.124 
CAGL0H03795g LEU2 LEU2 YCL018W -1.140 
CAGL0A00363g ? LEU1 YGL009C -1.145 
CAGL0C05071g ? THI20 YOL055C -1.145 
CAGL0F01793g ERG3 ERG3 YLR056W -1.170 
CAGL0J08613g ? YVC1 YOR087W -1.204 
CAGL0M08558g ? ? ? -1.211 
CAGL0E01793g YPS6 YPS1 YLR120C -1.233 
CAGL0K01067g ? TOM20 YGR082W -1.235 
CAGL0J08503r tL(CAA)8 ? ? -1.239 
CAGL0C00539g ? AGP2 YBR132C -1.243 
CAGL0C00275g HSP31 HSP31 YDR533C -1.249 
CAGL0H04691g ? MRPL39 YML009C -1.250 
CAGL0B00770g AUT4 ATG22 YCL038C -1.276 
CAGL0J11748g PLB2 PLB2 YMR006C -1.280 
CAGL0G04235r tL(CAA)6 ? ? -1.296 
CAGL0K04081r tR(CCG)1 ? ? -1.319 
CAGL0L06512g ? BNS1 YGR230W -1.326 
CAGL0I06831g ? COX15 YER141W -1.330 
CAGL0H04037g ? GAC1 YOR178C -1.335 
CAGL0B01727g ? YDR109C YDR109C -1.340 
CAGL0K00561r tD(GUC)8 ? ? -1.348 
CAGL0M03377g ? GLC3 YEL011W -1.350 
CAGL0L06666g YHB1 YHB1 YGR234W -1.355 
CAGL0I04328g ? DPI8 YJL133C-A -1.363 
CAGL0H00572g ? TDA4 YJR116W -1.368 
CAGL0K03135g ? RPS20 YHL015W -1.380 
CAGL0L07612r tR(ACG)3 ? ? -1.380 
CAGL0H04653g ERG6 ERG6 YML008C -1.383 
CAGL0K05027g ? ADE12 YNL220W -1.383 
CaglfMt31 tQ(UUG)7mt ? ? -1.392 
CAGL0L01815r tE(UUC)5 ? ? -1.400 
CAGL0F00605g GLK1 EMI2 YDR516C -1.405 
CAGL0G00220g ? BGL2 YGR282C -1.413 
CAGL0J05830g ? YNL144C YNL144C -1.428 
CAGL0D02728g ? AIM46 YHR199C -1.445 
CAGL0D01958g ? SDH3 YKL141W -1.454 
CAGL0M01584r tG(CCC)1 ? ? -1.459 
CAGL0J00847g ? YJL045W YJL045W -1.459 
CAGL0K03421g ? PGM1 YKL127W -1.465 
CAGL0B02475g PHO84 PHO84 YML123C -1.474 
CAGL0B04367g ? SCO1 YBR037C -1.475 
CAGL0L09537g ? OYE2 YHR179W -1.477 
CAGL0M03443r tN(GUU)9 ? ? -1.498 
CAGL0L08044r ? ? ? -1.527 
CAGL0F06083r tW(CCA)2 ? ? -1.553 
CAGL0G06512r tL(CAA)7 ? ? -1.665 
CAGL0K04587g ? RPS22B YLR367W -1.665 
CAGL0A03080g ? SDH6 YDR379C-A -1.667 
CAGL0A04675g ? ATG8 YBL078C -1.704 
CAGL0M12881g ? URA1 YKL216W -1.718 
CAGL0F06600r ? ? ? -1.750 
CAGL0F00187g ? FET4 YMR319C -1.837 
CaglfMt25 tP(UGG)8mt ? ? -1.846 
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CAGL0K02090r ? ? ? -1.862 
CAGL0B04433g ? FUR4 YBR021W -1.975 
CAGL0A02167r tQ(UUG)1 ? ? -1.977 
CAGL0G03905g ? ISA1 YLL027W -2.042 
CAGL0B03729r tW(CCA)1 ? ? -2.046 
CAGL0K08206g ? ? ? -2.048 
CAGL0K08844g ? AIM17 YHL021C -2.097 
CAGL0B04455g ? AVT4 YNL101W -2.187 
CAGL0K05885r tS(GCU)2 ? ? -2.227 
CAGL0I03586g ? MSH5 YDL154W -2.240 
CAGL0B05005r tP(AGG)1 ? ? -2.303 
CAGL0K01961r ? ? ? -2.342 
CAGL0J03080g ? RGI1 YER067W -2.363 
CAGL0I03080g URA3 URA3 YEL021W -2.374 
CAGL0E03850g ? SDH2 YLL041C -2.426 
CAGL0G02937g ? PDC6 YGR087C -2.441 
CAGL0F01485g TIR2 TIR4 YOR009W -2.616 
CAGL0L12122g ? ISC10 YER180C -2.753 
CAGL0G09405r tW(CCA)4 ? ? -2.915 
CAGL0D00198g ? BDH1 YAL060W -2.954 
CAGL0G03949g ? ? ? -3.238 
 
ORF Gene SC_Gene SC_ORF 
logFC 
FM T1 
CAGL0K08668g MET28 MET28 YIR017C 4.336 
CAGL0L06094g STR3 STR3 YGL184C 4.266 
CAGL0B02838g MUP1 MUP1 YGR055W 3.843 
CAGL0M11000g ? EGO4 YNR034W-A 3.095 
CAGL0L08547g ? ? ? 2.998 
CAGL0F07029g MET13 MET13 YGL125W 2.728 
CAGL0F08745g ? STF2 YGR008C 2.521 
CAGL0J04202g HSP12 HSP12 YFL014W 2.415 
CAGL0H02563g ? HOR7 YMR251W-A 2.206 
CAGL0A01089g ? PBI1 YPL272C 2.086 
CAGL0I04994g MET6 MET6 YER091C 1.942 
CAGL0C02233g ? MXR1 YER042W 1.922 
CAGL0G03289g SSA3 SSA3 YBL075C 1.821 
CAGL0K06380g ? ? ? 1.781 
CAGL0E04004g ? MUP3 YHL036W 1.754 
CAGL0G09064g ? YIG1 YPL201C 1.718 
CAGL0K06677g MET8 MET8 YBR213W 1.654 
CAGL0K04367g ? MUP1 YGR055W 1.597 
CAGL0L10714g ERG2 ERG2 YMR202W 1.595 
CAGL0F00116g ? ? ? 1.584 
CAGL0K03459g ? SPG4 YMR107W 1.570 
CAGL0B03839g MET3 MET3 YJR010W 1.554 
CAGL0M13266g ? ? ? 1.532 
CAGL0K04037g FKS2 GSC2 YGR032W 1.497 
CAGL0M07634g ? SOK2 YMR016C 1.470 
CAGL0F00649g ? RCK1 YGL158W 1.467 
CAGL0D05434g ROX1 ROX1 YPR065W 1.467 
CAGL0K08338g ? YOR385W YOR385W 1.418 
CAGL0D05940g ERG1 ERG1 YGR175C 1.413 
CAGL0M03839g ? BXI1 YNL305C 1.381 
CAGL0M11902g ? FUN19 YAL034C 1.376 
CAGL0L05742g ? MRS3 YJL133W 1.358 
CAGL0C01397g ? PFK26 YIL107C 1.352 
CAGL0J03762g MET7 MET7 YOR241W 1.339 
CAGL0M07612g ? FMS1 YMR020W 1.337 
CAGL0H08844g ? DDR48 YMR173W 1.329 
CAGL0K08800g ADI1 ADI1 YMR009W 1.316 
CAGL0J04466g ? PUN1 YLR414C 1.295 
CAGL0E04884g ? ADR1 YDR216W 1.281 
CAGL0F03641g ? YML018C YML018C 1.261 
CAGL0I00902g ? GAT2 YMR136W 1.257 
CAGL0E01771g YPS5 YPS1 YLR120C 1.236 
CAGL0I05082g ? PIN4 YBL051C 1.207 
CAGL0I10010g ? BTN2 YGR142W 1.205 
CAGL0L06072g ? COM2 YER130C 1.203 
CAGL0I05934g ? ? YJL144W 1.197 
CAGL0L03828g ? CYB5 YNL111C 1.195 
CAGL0J05126g BNA3 BNA3 YJL060W 1.194 
CAGL0H08261g ? JIP4 YDR475C 1.183 
CAGL0J03080g ? RGI1 YER067W 1.178 
CAGL0J01870g ? PMR1 YGL167C 1.173 
CAGL0E04334g ERG11 ERG11 YHR007C 1.163 
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CAGL0G10197g ? ? ? 1.139 
CAGL0J07084g ? YPL113C YPL113C 1.135 
CAGL0L07480g ? NRG2 YBR066C 1.131 
CAGL0K08272g ? YSR3 YKR053C 1.125 
CAGL0L11902g ? ADK2 YER170W 1.122 
CAGL0G05698g GDH2 GDH2 YDL215C 1.121 
CAGL0G09603g ? YOR186W YOR186W 1.121 
CAGL0J09020g ? SNF3 YDL194W 1.104 
CAGL0B01078g ? YLR177W YLR177W 1.095 
CAGL0K04477g ? ERG25 YGR060W 1.094 
CAGL0I06050g INO1 INO1 YJL153C 1.084 
CAGL0B01925g ? KIN1 YDR122W 1.071 
CAGL0D06402g MET15 MET17 YLR303W 1.067 
CAGL0I05610g ? YNR014W YNR014W 1.042 
CAGL0H04037g ? GAC1 YOR178C 1.040 
CAGL0B02755g ? YLR361C-A YLR361C-A 1.039 
CAGL0J04290g ? FUS3 YBL016W 1.038 
CAGL0F01793g ERG3 ERG3 YLR056W 1.037 
CAGL0M05401g ? MIN7 YBR201C-A 1.027 
CAGL0M12551g ? RGI2 YIL057C 1.016 
CAGL0D01474g ? AIM3 YBR108W 1.012 
CAGL0M07403g OAZ1 OAZ1 YPL052W 1.007 
CAGL0L10186g ? TMC1 YOR052C 1.004 
CAGL0M04191g YPS1 MKC7 YDR144C 1.000 
CAGL0C05533g ? AIM6 YDL237W 0.996 
CAGL0M10417g ? RCR1 YBR005W 0.994 
CAGL0K02519g ? ? ? 0.992 
CAGL0G02717g ? SGA1 YIL099W 0.991 
CAGL0J00539g SLT2 SLT2 YHR030C 0.976 
CAGL0A02233g ? HXT6 YDR343C 0.970 
CAGL0L02827g ? PTP2 YOR208W 0.968 
CAGL0K12892g ? RGD2 YFL047W 0.962 
CAGL0M05533g DUR1,2 DUR1,2 YBR208C 0.950 
CAGL0J04158g RCN2 RCN2 YOR220W 0.949 
CAGL0M04125g ? YNL320W YNL320W 0.944 
CAGL0I06094g FBP26 FBP26 YJL155C 0.935 
CAGL0H02387g ? TPS3 YMR261C 0.934 
CAGL0G01540g NCE103 NCE103 YNL036W 0.919 
CAGL0F07975g ? YGR237C YGR237C 0.916 
CAGL0G05632g ? YDL218W YDL218W 0.912 
CAGL0K12474g ? CAF16 YFL028C 0.898 
CAGL0G07601g ? YBR287W YBR287W 0.897 
CAGL0E03652g ? ISA1 YLL027W 0.896 
CAGL0K00715g RTA1 RTA1 YGR213C 0.891 
CAGL0F06941g PYC1 PYC1 YGL062W 0.888 
CAGL0B03289g ? DUG2 YBR281C 0.877 
CAGL0G04499g ? SET4 YJL105W 0.874 
CAGL0M05379g ? DER1 YBR201W 0.870 
CAGL0C02321g PHM8 PHM8 YER037W 0.869 
CAGL0E00803g ? HSP42 YDR171W 0.868 
CAGL0F08173g ? CPD1 YGR247W 0.863 
CAGL0G01100g ? YLR345W YLR345W 0.853 
CAGL0L09251g ? HAL1 YPR005C 0.853 
CAGL0J03916g ? HES1 YOR237W 0.850 
CAGL0K00170g EPA22 FLO10 YKR102W 0.848 
CAGL0H04983g PSA1 PSA1 YDL055C 0.835 
CAGL0M07656g ERG5 ERG5 YMR015C 0.834 
CAGL0B00946g ? RNQ1 YCL028W 0.830 
CAGL0K12760g ? LAM5 YFL042C 0.827 
CAGL0D05280g ? MET10 YFR030W 0.827 
CAGL0I01276g ? YHR112C YHR112C 0.816 
CAGL0J11506g ? CHS1 YNL192W 0.815 
CAGL0E01793g YPS6 YPS1 YLR120C 0.807 
CAGL0K04169g ? KSS1 YGR040W 0.803 
CAGL0K02145g ? COM2 YER130C 0.791 
CAGL0M03971g ? SKP2 YNL311C 0.789 
CAGL0M00880g CAR2 CAR2 YLR438W 0.787 
CAGL0H06721g ? UBP7 YIL156W 0.776 
CAGL0J00297g ? YHR045W YHR045W 0.773 
CAGL0K06105g ? BOP2 YLR267W 0.772 
CAGL0A00429g ERG4 ERG4 YGL012W 0.766 
CAGL0G09977g GDB1 GDB1 YPR184W 0.764 
CAGL0G00550g ? HUA1 YGR268C 0.764 
CAGL0H01617g ? AGE1 YDR524C 0.763 
CAGL0G01320g ? MSG5 YNL053W 0.763 
CAGL0K00110g AWP2 ? ? 0.758 
CAGL0G06622g ? AVT4 YNL101W 0.757 
CAGL0G09020g ? TPK2 YPL203W 0.755 
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CAGL0L10582g ? YMR196W YMR196W 0.753 
CAGL0E05632g ? PUT4 YOR348C 0.751 
CAGL0I06116g ? SSY5 YJL156C 0.748 
CAGL0M12320g ? FLC2 YAL053W 0.746 
CAGL0K04719g ? YNL208W YNL208W 0.745 
CAGL0D05082g ? UBI4 YLL039C 0.744 
CAGL0L02937g HIS3 HIS3 YOR202W 0.731 
CAGL0F08965g ? MSC7 YHR039C 0.730 
CAGL0H03795g LEU2 LEU2 YCL018W 0.728 
CAGL0C04763g ? RER1 YCL001W 0.727 
CAGL0F08107g LSC2 LSC2 YGR244C 0.726 
CAGL0J08415g SAM2 SAM2 YDR502C 0.723 
CAGL0G06732g ? LEU9 YOR108W 0.718 
CAGL0L00759g HIS1 HIS1 YER055C 0.717 
CAGL0F00825g GSH2 GSH2 YOL049W 0.716 
CAGL0M00154g CYN1 LYP1 YNL268W 0.715 
CAGL0J04114g ? ODC2 YOR222W 0.713 
CAGL0H03289g ? YGL082W YGL082W 0.709 
CAGL0M13783g ? UBP15 YMR304W 0.708 
CAGL0J11484g DUG3 DUG3 YNL191W 0.702 
CAGL0B02233g ? GPI1 YGR216C 0.699 
CAGL0M02211g PEP4 PEP4 YPL154C 0.699 
CAGL0H02893g ? YJL070C YJL070C 0.698 
CAGL0G08338g ? CSC1 YLR241W 0.695 
CAGL0H08888g ? FLC3 YGL139W 0.695 
CAGL0B02211g CCH1 CCH1 YGR217W 0.694 
CAGL0D06600g ? KNS1 YLL019C 0.690 
CAGL0M08492g PIR3 PIR1 YKL164C 0.690 
CAGL0G09449g CRH1 CRH1 YGR189C 0.689 
CAGL0I05830g VPS27 VPS27 YNR006W 0.688 
CAGL0G06402g ? CIR2 YOR356W 0.684 
CAGL0M03399g ? UBC8 YEL012W 0.682 
CAGL0L03135g ? SPO14 YKR031C 0.682 
CAGL0F07799g ? EAR1 YMR171C 0.681 
CAGL0G05830g ? CRP1 YHR146W 0.680 
CAGL0M06347g ? YPC1 YBR183W 0.680 
CAGL0L07810g ? SAT4 YCR008W 0.664 
CAGL0F06743g ? DAL81 YIR023W 0.660 
CAGL0M08822g HSP78 HSP78 YDR258C 0.656 
CAGL0B02860g ? ATG33 YLR356W 0.655 
CAGL0H08173g ? ? ? 0.654 
CAGL0L04598g ? DCS2 YOR173W 0.653 
CAGL0H04477g ? DNF3 YMR162C 0.653 
CAGL0J08349g ? CAF120 YNL278W 0.647 
CAGL0D05324g ? MTC4 YBR255W 0.646 
CAGL0K12100g ? HEM13 YDR044W 0.645 
CAGL0G03883g ? HSP104 YLL026W 0.642 
CAGL0K00913g ? ADE3 YGR204W 0.641 
CAGL0H09504g ? HEM14 YER014W 0.640 
CAGL0F04741g ? CMK1 YFR014C 0.638 
CAGL0F01815g ? ? ? 0.635 
CAGL0J03256g ? PTP3 YER075C 0.635 
CAGL0A01650g ? ? ? 0.635 
CAGL0D03894g PRO1 YHR033W YHR033W 0.634 
CAGL0G06358g ? SNC1 YAL030W 0.629 
CAGL0L06006g ? ATG1 YGL180W 0.628 
CAGL0H05621g RLM1 RLM1 YPL089C 0.622 
CAGL0H08129g ? DFG16 YOR030W 0.621 
CAGL0K03927g ? ERG29 YMR134W 0.616 
CAGL0K02761g ? HSE1 YHL002W 0.613 
CAGL0F01265g YAP7 YAP7 YOL028C 0.612 
CAGL0M01760g CDR1 PDR5 YOR153W 0.610 
CAGL0G08954g ? DCV1 YFR012W 0.606 
CAGL0M01694g ? MIS1 YBR084W 0.603 
CAGL0J06380g ? INH1 YDL181W 0.602 
CAGL0D00176g ? GDH3 YAL062W 0.601 
CAGL0L00649g ? ACS1 YAL054C 0.600 
CAGL0M08206g ? TOH1 YJL171C 0.598 
CAGL0B03619g ? PRB1 YEL060C 0.593 
CAGL0J07062g ? CAR1 YPL111W 0.588 
CAGL0L06374g ? SLO1 YER180C-A 0.586 
CAGL0L03179g ? DID2 YKR035W-A 0.582 
CAGL0C00319g ? CPS1 YJL172W 0.581 
CAGL0F06655g ? AVO2 YMR068W 0.580 
CAGL0K03553g FOL3 FOL3 YMR113W 0.579 
CAGL0F02079g ? SMC1 YFL008W 0.572 
CAGL0L10692g ? RAD14 YMR201C 0.571 
CAGL0A04697g ? YMR31 YFR049W 0.570 
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CAGL0H05005g ? CSR1 YLR380W 0.569 
CAGL0I08591g ? AFR1 YDR085C 0.554 
CAGL0J11704g ? MVP1 YMR004W 0.554 
CAGL0I10747g ? MEP1 YGR121C 0.554 
CAGL0L01199g ? IES6 YEL044W 0.554 
CAGL0J08316g ? MET2 YNL277W 0.551 
CAGL0C00847g EPA8 FLO10 YKR102W 0.547 
CAGL0K09350g ? SIP2 YGL208W 0.546 
CAGL0L01749g ? PRI2 YKL045W 0.546 
CAGL0C05555g ? GUD1 YDL238C 0.543 
CAGL0D02882g ? SSK1 YLR006C 0.543 
CAGL0G05247g ? DOA4 YDR069C 0.542 
CAGL0G06842g ? BBC1 YJL020C 0.542 
CAGL0K10780g ? IMD4 YML056C 0.540 
CAGL0M00374g ? MET5 YJR137C 0.539 
CAGL0M10043g ? YDR444W YDR444W 0.538 
CAGL0L04268g ? ISN1 YOR155C 0.538 
CAGL0C01353g ? SEC24 YIL109C 0.537 
CAGL0M06831g CRZ1 CRZ1 YNL027W 0.533 
CAGL0J00561g ? YHI9 YHR029C 0.528 
CAGL0A00451g PDR1 PDR1 YGL013C 0.528 
CAGL0C02739g ? FUN14 YAL008W 0.528 
CAGL0E05918g ? PCL10 YGL134W 0.527 
CAGL0L00869g ? PKP1 YIL042C 0.526 
CAGL0J08030g ? POL2 YNL262W 0.522 
CAGL0B02739g STE11 STE11 YLR362W 0.519 
CAGL0M05049g ? DFG5 YMR238W 0.518 
CAGL0M07381g ? KTR6 YPL053C 0.511 
CAGL0H10208g ? AKL1 YBR059C 0.511 
CAGL0L11154g ? NTE1 YML059C 0.508 
CAGL0F04807g ? OM45 YIL136W 0.500 
CAGL0I00836g ? SIP5 YMR140W 0.496 
CAGL0G06270g ? DRS2 YAL026C 0.488 
CAGL0L07744g ? ADP1 YCR011C 0.478 
CAGL0H05071g ? SMC6 YLR383W 0.475 
CAGL0K05291g SRO7 SRO7 YPR032W 0.475 
CAGL0K07271g ? GIS4 YML006C 0.474 
CAGL0G01342g ? VAC7 YNL054W 0.470 
CAGL0B00924g ? BIK1 YCL029C 0.466 
CAGL0M03773g ? TOS6 YNL300W 0.465 
CAGL0D01276g ? OPY2 YPR075C 0.464 
CAGL0F02101g ? BLM10 YFL007W 0.457 
CAGL0C01595g ? HIS7 YBR248C 0.456 
CAGL0I04554g GRX7 GRX7 YBR014C 0.447 
CAGL0I02970g ? ERG24 YNL280C 0.446 
CAGL0A04477g ? UBP13 YBL067C 0.441 
CAGL0D00660g ? AHK1 YDL073W 0.438 
CAGL0L11110g CNA1 CMP2 YML057W 0.434 
CAGL0I07271g ? VPS17 YOR132W 0.423 
CAGL0E00627g SRB8 SRB8 YCR081W 0.419 
CAGL0E00649g ? PTC6 YCR079W 0.416 
CAGL0L08074g ? SYP1 YCR030C 0.409 
CAGL0M01474g ? NCB2 YDR397C -0.414 
CAGL0L08998g ? DEG1 YFL001W -0.415 
CAGL0I09328g ? TSC10 YBR265W -0.416 
CAGL0H08998g ? PCL10 YGL134W -0.425 
CAGL0K08360g ? TRM2 YKR056W -0.447 
CAGL0B02970g BMT5 ? ? -0.461 
CAGL0H01441g ? PRO1 YDR300C -0.469 
CAGL0A04257g ? TOD6 YBL054W -0.470 
CAGL0D00506g ? LOT5 YKL183W -0.470 
CAGL0G02893g ? POS5 YPL188W -0.480 
CAGL0M06237g ? EHT1 YBR177C -0.484 
CAGL0K01661g ? RTK1 YDL025C -0.486 
CAGL0L05566g ? GCD14 YJL125C -0.486 
CAGL0B03014g ? MNT3 YIL014W -0.494 
CAGL0I03564g ? CLB3 YDL155W -0.510 
CAGL0I10670g ? NOC4 YPR144C -0.511 
CAGL0L00429g ? GCV2 YMR189W -0.513 
CAGL0F01023g ? NOP12 YOL041C -0.516 
CAGL0K01771g ? YAT1 YAR035W -0.519 
CAGL0L10890g ? YTM1 YOR272W -0.519 
CAGL0B00105g ? ? ? -0.524 
CAGL0J04950g ? IRC8 YJL051W -0.524 
CAGL0G08019g ? YDR090C YDR090C -0.524 
CAGL0F08525g ? EFM5 YGR001C -0.530 
CAGL0G04631g ? IZH1 YDR492W -0.535 
CAGL0M12166g ? PTA1 YAL043C -0.543 
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CAGL0L10164g ? ETT1 YOR051C -0.545 
CAGL0M14047g ? ADH6 YMR318C -0.550 
CAGL0J01441g ? ADH3 YMR083W -0.550 
CAGL0J00209g ? THG1 YGR024C -0.552 
CAGL0C03289g YBT1 YBT1 YLL048C -0.552 
CAGL0K01155g ? YGR079W YGR079W -0.552 
CAGL0H04455g ? INP2 YMR163C -0.554 
CAGL0L04488g ? SWT1 YOR166C -0.554 
CAGL0M13189g MSN4 MSN4 YKL062W -0.554 
CAGL0K02739g ? LAG1 YHL003C -0.555 
CAGL0J08184g ? ALP1 YNL270C -0.557 
CAGL0F04125g ? YBL029W YBL029W -0.558 
CAGL0F00979g ? NTG1 YAL015C -0.558 
CAGL0I09130g ? PTR3 YFR029W -0.559 
CAGL0F00407g ? LIA1 YJR070C -0.560 
CAGL0A03080g ? SDH6 YDR379C-A -0.563 
CAGL0I09284g ? SHM1 YBR263W -0.564 
CAGL0H00572g ? TDA4 YJR116W -0.569 
CAGL0A04499g ? KTI11 YBL071W-A -0.569 
CAGL0D01958g ? SDH3 YKL141W -0.576 
CAGL0A04169g ? MMR1 YLR190W -0.580 
CAGL0D00198g ? BDH1 YAL060W -0.581 
CAGL0F06809g ? YVH1 YIR026C -0.582 
CAGL0F01463g TIR1 TIR2 YOR010C -0.585 
CAGL0E05566g ? TYE7 YOR344C -0.587 
CAGL0G03927g TPO1_1 TPO1 YLL028W -0.588 
CAGL0K00605g ? CDC6 YJL194W -0.597 
CAGL0G08382g ? REF2 YDR195W -0.602 
CAGL0L03846g ? DBP2 YNL112W -0.602 
CAGL0H08712g ? ? ? -0.605 
CAGL0A02134g ? YSC83 YHR017W -0.616 
CAGL0F06589g ? KAR5 YMR065W -0.617 
CAGL0F05115g ? INA1 YLR413W -0.622 
CAGL0J07810g ? NRD1 YNL251C -0.622 
CAGL0G09757g ZCF18 YLR278C YLR278C -0.626 
CAGL0M05203g ? RRN3 YKL125W -0.638 
CAGL0L06138g ? TPN1 YGL186C -0.649 
CAGL0L05786g ? CMR3 YPR013C -0.656 
CAGL0K08206g ? YGL140C YGL140C -0.658 
CAGL0M05995g ? PET10 YKR046C -0.665 
CAGL0L01551g ? SUR7 YML052W -0.667 
CAGL0F01661g ? BMT6 YLR063W -0.669 
CAGL0M03575g ? RFC3 YNL290W -0.669 
CAGL0J05852g ? IFA38 YBR159W -0.688 
CAGL0J00385g ? FSH1 YHR049W -0.689 
CAGL0G03905g ? ISA1 YLL027W -0.692 
CAGL0K07458g ? YPK1 YKL126W -0.712 
CAGL0G00264g ? PXR1 YGR280C -0.717 
CAGL0G07128g ? NSE5 YML023C -0.723 
CAGL0A03212g ? ATO3 YDR384C -0.730 
CAGL0I07491g ? IZH4 YOL101C -0.735 
CAGL0J02948g FCY2 FCY22 YER060W-A -0.736 
CAGL0C03069g ? CHO1 YER026C -0.744 
CAGL0E05192g ? YPL088W YPL088W -0.747 
CAGL0I07711g ? SPO21 YOL091W -0.748 
CAGL0E03850g ? SDH2 YLL041C -0.757 
CAGL0K07007g ? YBR238C YBR238C -0.759 
CAGL0G04763g ? RGS2 YOR107W -0.761 
CAGL0J01265g ? UTP15 YMR093W -0.773 
CAGL0F06501g ? ARG7 YMR062C -0.779 
CAGL0L06930g ? YDL085C-A YDL085C-A -0.798 
CAGL0F04499g ? FUI1 YBL042C -0.798 
CAGL0F05709g ? ATC1 YDR184C -0.813 
CAGL0M07678g ? BUD22 YMR014W -0.828 
CAGL0G01012g ? SPO77 YLR341W -0.843 
CAGL0H05115g ? SWC7 YLR385C -0.851 
CAGL0G00462g ? YGR273C YGR273C -0.866 
CAGL0I08987g ? ARG4 YHR018C -0.873 
CAGL0I02024g OYE2 OYE2 YHR179W -0.894 
CAGL0B00616g ? SPS22 YCL048W -0.896 
CAGL0J09482g ? RMI1 YPL024W -0.911 
CAGL0I03080g URA3 URA3 YEL021W -0.934 
CAGL0M02717g ? SPO19 YPL130W -0.950 
CAGL0J09988g ? MTQ1 YNL063W -0.954 
CAGL0B00116g ? ? ? -0.955 
CAGL0J00363g ? YHK8 YHR048W -0.961 
CAGL0H09064g FUR1 FUR1 YHR128W -0.969 
CAGL0K13002g AED2 ? ? -0.971 
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CAGL0L08118g ? RPS14A YCR031C -0.981 
CAGL0M12430g RHR2 GPP1 YIL053W -0.996 
CAGL0K09372g ? MIG2 YGL209W -1.005 
CAGL0E06292g ? YHR022C YHR022C -1.017 
CAGL0I09086g ? ESBP6 YNL125C -1.050 
CAGL0I08943g ? PES4 YFR023W -1.064 
CAGL0M06882r ? ? ? -1.088 
CAGL0J03894g ? DFR1 YOR236W -1.109 
CAGL0M00792g ? ? ? -1.126 
CAGL0L10912g ? TPO4 YOR273C -1.139 
CAGL0M12881g ? URA1 YKL216W -1.177 
CAGL0K00671g ? RPS14A YCR031C -1.188 
CAGL0L12122g ? ISC10 YER180C -1.198 
CAGL0M12188g ? GCV3 YAL044C -1.222 
CAGL0H09878g IPP1 IPP1 YBR011C -1.225 
CAGL0K05027g ? ADE12 YNL220W -1.231 
CAGL0B04455g ? AVT4 YNL101W -1.252 
CAGL0C04917g ? CPA2 YJR109C -1.281 
CAGL0M12100g ? TYE7 YOR344C -1.303 
CAGL0F00187g ? FET4 YMR319C -1.313 
CAGL0B01507g ARG8 ARG8 YOL140W -1.349 
CAGL0M07161g EGD2 EGD2 YHR193C -1.355 
CAGL0B04433g ? FUR4 YBR021W -1.358 
CAGL0H10164g ? MUM2 YBR057C -1.379 
CAGL0B04235g SCP120 ? ? -1.383 
CAGL0I10791g ? ARG3 YJL088W -1.400 
CAGL0G09405r tW(CCA)4 ? ? -1.452 
CAGL0D02728g ? AIM46 YHR199C -1.458 
CAGL0L00561g ? SSO1 YPL232W -1.476 
CAGL0M11132r tR(ACG)4 ? ? -1.510 
CAGL0K02090r ? ? ? -1.517 
CAGL0C05115g ARG1 ARG1 YOL058W -1.517 
CAGL0J00715g ? YHR022C YHR022C -1.554 
CAGL0I08173r tS(AGA)5 ? ? -1.583 
CAGL0L01815r tE(UUC)5 ? ? -1.640 
CAGL0K05885r tS(GCU)2 ? ? -1.706 
CAGL0K01961r ncSCR1 ? ? -1.730 
CAGL0I03586g ? MSH5 YDL154W -1.775 
CAGL0G04235r tL(CAA)6 ? ? -1.826 
CAGL0G06512r tL(CAA)7 ? ? -1.894 
CAGL0F01639g ? PER33 YLR064W -1.951 
CAGL0J08503r tL(CAA)8 ? ? -1.976 
CAGL0A00671r tP(UGG)1 ? ? -2.087 
CAGL0J00143r tE(CUC)2 ? ? -2.117 
CAGL0I09108g ? ESBP6 YNL125C -2.215 
CAGL0J02596r tK(CUU)8 ? ? -2.278 
CAGL0I08657r tR(ACG)2 ? ? -2.325 
CAGL0B03135r tL(CAA)3 ? ? -2.360 
CAGL0C04653r tL(UAG)1 ? ? -2.662 
 
ORF Gene SC_Gene SC_ORF 
logFC 
FM T2 
CAGL0J09438r tI(AAU)5 ? ? 3.962 
CAGL0H04433r tV(AAC)5 ? ? 3.607 
CAGL0G05632g ? YDL218W YDL218W 3.139 
CAGL0F00116g ? ? ? 3.114 
CAGL0I00286g ? HXT2 YMR011W 2.884 
CAGL0G00792g ? REC102 YLR329W 2.711 
CAGL0K07337g ? HSP30 YCR021C 2.705 
CAGL0L06094g STR3 STR3 YGL184C 2.705 
CAGL0B05137g ? ? ? 2.555 
CAGL0F02981r tS(AGA)2 ? ? 2.534 
CAGL0C05621g ? ? ? 2.502 
CAGL0B02838g MUP1 MUP1 YGR055W 2.438 
CAGL0G00616r tP(UGG)3 ? ? 2.430 
CAGL0A03410g ? ? ? 2.391 
CaglfMp02 VAR1 VAR1 Q0140 2.359 
CAGL0D01265g MT-I ? ? 2.304 
CAGL0L03289g ? NCA3 YJL116C 2.276 
CAGL0K08668g MET28 MET28 YIR017C 2.225 
CAGL0C02233g ? MXR1 YER042W 2.089 
CAGL0L03828g ? CYB5 YNL111C 2.083 
CAGL0L09383g ? SUT1 YGL162W 2.077 
CAGL0A01804g ? HXT1 YHR094C 2.075 
CAGL0A02321g ? HXT5 YHR096C 2.072 
CAGL0H06017g FLR1 FLR1 YBR008C 2.026 
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CAGL0C04070r tT(AGU)2 ? ? 2.007 
CAGL0G10197g ? ? ? 1.977 
CAGL0M01760g CDR1 PDR5 YOR153W 1.929 
CAGL0A02233g ? HXT6 YDR343C 1.913 
CAGL0A00132g ? ? ? 1.905 
CAGL0I09724g ? MCH5 YOR306C 1.897 
CAGL0J00116g ? ? ? 1.894 
CAGL0J06402g ? LYS20 YDL182W 1.890 
CAGL0D05434g ? ROX1 YPR065W 1.889 
CAGL0J11484g DUG3 DUG3 YNL191W 1.886 
CAGL0B02343g ? ATR1 YML116W 1.883 
CAGL0F08195g ? MGA1 YGR249W 1.807 
CAGL0L06072g ? COM2 YER130C 1.785 
CAGL0B03839g MET3 MET3 YJR010W 1.755 
CAGL0L02937g HIS3 HIS3 YOR202W 1.749 
CAGL0K00715g RTA1 RTA1 YGR213C 1.742 
CAGL0F03641g ? YML018C YML018C 1.734 
CAGL0L00157g ? ? ? 1.730 
CAGL0E01771g YPS5 YPS1 YLR120C 1.715 
CAGL0C03289g YBT1 YBT1 YLL048C 1.714 
CAGL0I10010g ? BTN2 YGR142W 1.646 
CAGL0L06864g ? SIP5 YMR140W 1.638 
CAGL0E04004g ? MUP3 YHL036W 1.606 
CAGL0I10147g PWP1 FLO1 YAR050W 1.579 
CAGL0K10824g ? YLR149C YLR149C 1.560 
CAGL0G04499g ? SET4 YJL105W 1.524 
CAGL0H05687g ? SSU1 YPL092W 1.512 
CAGL0E02035g ? MCH4 YOL119C 1.509 
CaglfMt34 tG(UCC)3mt ? ? 1.497 
CAGL0J11242g ? RHO5 YNL180C 1.494 
CAGL0E04554g ? ? ? 1.477 
CAGL0M07612g ? FMS1 YMR020W 1.443 
CAGL0F00253g ? TRP3 YKL211C 1.437 
CAGL0K06105g ? BOP2 YLR267W 1.429 
CAGL0M11902g ? FUN19 YAL034C 1.427 
CAGL0L09372g ? ? ? 1.423 
CAGL0M00154g CYN1 LYP1 YNL268W 1.393 
CAGL0E03674g TPO1_2 TPO1 YLL028W 1.385 
CAGL0G00121g ? ? ? 1.381 
CAGL0M07634g ? SOK2 YMR016C 1.374 
CAGL0K00110g AWP2 ? ? 1.341 
CAGL0E06644g EPA1 FLO1 YAR050W 1.339 
CAGL0L13431g ? ? ? 1.336 
CAGL0K04235g ? NQM1 YGR043C 1.330 
CAGL0K10780g ? IMD4 YML056C 1.311 
CAGL0F01749g ? SHM2 YLR058C 1.297 
CAGL0J07084g ? YPL113C YPL113C 1.296 
CAGL0D01584g ? JID1 YPR061C 1.292 
CAGL0L10362g ? YOR062C YOR062C 1.287 
CAGL0I04048g ? FBP1 YLR377C 1.283 
CAGL0F08745g ? STF2 YGR008C 1.268 
CAGL0M00374g ? MET5 YJR137C 1.264 
CAGL0F02167g ? MSH4 YFL003C 1.257 
CAGL0K04037g FKS2 GSC2 YGR032W 1.254 
CAGL0E05456g ? FUN19 YAL034C 1.239 
CAGL0K04499g ? ADE6 YGR061C 1.233 
CAGL0C03718r tD(GUC)2 ? ? 1.233 
CAGL0J04466g ? PUN1 YLR414C 1.218 
CaglfMt17 tN(GUU)10mt ? ? 1.214 
CAGL0F01265g YAP7 YAP7 YOL028C 1.213 
CAGL0I03124r tP(UGG)6 ? ? 1.202 
CAGL0M08552g ? PMP3 YDR276C 1.195 
CAGL0G01254g ARO8 ARO8 YGL202W 1.183 
CAGL0I01430g ? ANB1 YJR047C 1.161 
CAGL0J02024g ? ? ? 1.156 
CAGL0C01595g ? HIS7 YBR248C 1.153 
CAGL0M07403g OAZ1 OAZ1 YPL052W 1.147 
CAGL0D00418g ? FAT3 YKL187C 1.139 
CAGL0G02189g MTD1 MTD1 YKR080W 1.138 
CAGL0A01001g ? YLR326W YLR326W 1.135 
CAGL0L10714g ERG2 ERG2 YMR202W 1.131 
CAGL0K00170g EPA22 FLO10 YKR102W 1.130 
CAGL0L08448g ? NCE102 YPR149W 1.121 
CAGL0K04455g ? SPR3 YGR059W 1.112 
CAGL0D00374g ? ? ? 1.105 
CAGL0M01694g ? MIS1 YBR084W 1.104 
CAGL0M12837g ? SER3 YER081W 1.102 
CAGL0J05984g ? AAH1 YNL141W 1.100 
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CAGL0H02145g ? STE12 YHR084W 1.090 
CAGL0M01562g ? YDR391C YDR391C 1.088 
CAGL0I10200g PWP3 FLO1 YAR050W 1.076 
CAGL0L09493g ? EGH1 YIR007W 1.066 
CAGL0K04367g ? MUP1 YGR055W 1.057 
CAGL0J03256g ? PTP3 YER075C 1.055 
CAGL0C01397g ? PFK26 YIL107C 1.054 
CAGL0L08844g ? CHL1 YPL008W 1.053 
CAGL0L00671g FCY21 FCY2 YER056C 1.052 
CAGL0A01782g ? HXT4 YHR092C 1.049 
CAGL0H10142g ARO3 ARO3 YDR035W 1.047 
CAGL0E06138g ? FAS2 YPL231W 1.046 
CAGL0G04081g ? THI73 YLR004C 1.038 
CAGL0C01243g ? HIS5 YIL116W 1.037 
CAGL0H05137g ? ALD6 YPL061W 1.032 
CAGL0H08393g ? BAP2 YBR068C 1.029 
CAGL0A01650g ? ? ? 1.027 
CAGL0H03416r ? ? ? 1.022 
CAGL0H02189g ? TMA23 YMR269W 1.018 
CAGL0K08800g ADI1 ADI1 YMR009W 1.006 
CAGL0G10219g AWP12 ? ? 0.981 
CAGL0F08217g ? RIE1 YGR250C 0.981 
CAGL0M02409g ? NOP53 YPL146C 0.979 
CAGL0F02233g ? YFR006W YFR006W 0.975 
CAGL0J06666g ? YML108W YML108W 0.972 
CAGL0I06116g ? SSY5 YJL156C 0.972 
CAGL0L02035g ? MAE1 YKL029C 0.969 
CAGL0K02519g ? ? ? 0.962 
CAGL0I05082g ? PIN4 YBL051C 0.960 
CAGL0K03905g ? REC114 YMR133W 0.956 
CAGL0G05610g ? DTD1 YDL219W 0.954 
CAGL0L11594g ? RIO1 YOR119C 0.951 
CAGL0B01595g ? ? ? 0.945 
CAGL0J10846g ? PCL5 YHR071W 0.937 
CAGL0G04433g ? PRM10 YJL108C 0.933 
CAGL0E03201g ? CHO2 YGR157W 0.930 
CAGL0J02882g HOM3 HOM3 YER052C 0.930 
CAGL0C03267g FPS1 FPS1 YLL043W 0.925 
CAGL0M10912g ? HUB1 YNR032C-A 0.919 
CAGL0G08019g ? YDR090C YDR090C 0.909 
CAGL0G01903g MET1 MET1 YKR069W 0.907 
CAGL0K02387g ? ROK1 YGL171W 0.903 
CAGL0I01980g ? LAM1 YHR155W 0.902 
CAGL0K10340g ADE2 ADE2 YOR128C 0.901 
CAGL0E04334g ERG11 ERG11 YHR007C 0.900 
CAGL0M01716g ? TEC1 YBR083W 0.893 
CAGL0E02937g ? CGR1 YGL029W 0.886 
CAGL0K06039g ? RED1 YLR263W 0.882 
CAGL0A03102g ARO10 ARO10 YDR380W 0.877 
CAGL0I09680g ? RRG7 YOR305W 0.877 
CAGL0M03905g ? KRI1 YNL308C 0.875 
CAGL0K05665g ? YHR112C YHR112C 0.871 
CAGL0G05566g ? FMP45 YDL222C 0.870 
CAGL0I05390g ? SKS1 YPL026C 0.869 
CAGL0G05698g GDH2 GDH2 YDL215C 0.868 
CAGL0H01419g ? BFR2 YDR299W 0.866 
CAGL0F07579g CWP1.2 CWP1 YKL096W 0.866 
CAGL0M04917g ? FUS2 YMR232W 0.864 
CAGL0B00715g ? ? ? 0.858 
CAGL0D01606g ? YMC1 YPR058W 0.854 
CAGL0L00319g ERG20 ERG20 YJL167W 0.853 
CAGL0D05016g ? RRP15 YPR143W 0.851 
CAGL0G02409g ? SRP40 YKR092C 0.850 
CAGL0D05940g ERG1 ERG1 YGR175C 0.848 
CAGL0J07986g ? LTO1 YNL260C 0.847 
CAGL0G00484g ? EFG1 YGR271C-A 0.842 
CAGL0C05643g EPA7 FLO9 YAL063C 0.839 
CAGL0E01155g ? RPA14 YDR156W 0.837 
CAGL0G02629g ? BMT5 YIL096C 0.836 
CAGL0H08866g ? HOT1 YMR172W 0.833 
CAGL0I05016g TRP2 TRP2 YER090W 0.830 
CAGL0F05709g ? ATC1 YDR184C 0.826 
CAGL0M04125g ? YNL320W YNL320W 0.817 
CAGL0J00363g ? YHK8 YHR048W 0.817 
CAGL0M13717g ? ADE4 YMR300C 0.812 
CAGL0B03773g ? HIP1 YGR191W 0.805 
CAGL0G01969g ? SIS2 YKR072C 0.804 
CAGL0B00484g ? SPB1 YCL054W 0.803 
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CAGL0I00748g ? NDE1 YMR145C 0.801 
CAGL0L07810g ? SAT4 YCR008W 0.801 
CAGL0J00341g ? AAP1 YHR047C 0.800 
CAGL0L07832g ? YCR016W YCR016W 0.797 
CAGL0K07678g ? ? ? 0.791 
CAGL0F05329g ? YDR210W YDR210W 0.789 
CAGL0F07403g ? NSA1 YGL111W 0.783 
CAGL0I07315g ? YOR131C YOR131C 0.782 
CAGL0L02475g GCN4 GCN4 YEL009C 0.780 
CAGL0M10681g ? MPP6 YNR024W 0.780 
CAGL0I10224g ? ? ? 0.779 
CAGL0B00836g ? MXR2 YCL033C 0.778 
CAGL0G00242g YOR1 YOR1 YGR281W 0.777 
CAGL0A00627g ? ERP6 YGL002W 0.776 
CAGL0E03762g ? RIM101 YHL027W 0.776 
CAGL0K03069g ? IRC21 YMR073C 0.775 
CAGL0J07766g ? RPA49 YNL248C 0.773 
CAGL0G00330g ? CWC22 YGR278W 0.772 
CAGL0F02563g HPT1 HPT1 YDR399W 0.771 
CAGL0C02673g ? ART10 YLR392C 0.769 
CAGL0L11638g ? ESF1 YDR365C 0.768 
CAGL0D05170g PHO4 PHO4 YFR034C 0.767 
CAGL0F00825g GSH2 GSH2 YOL049W 0.764 
CAGL0D00220g ? ECM1 YAL059W 0.764 
CAGL0J00561g ? YHI9 YHR029C 0.761 
CAGL0J00297g ? YHR045W YHR045W 0.756 
CAGL0J06088g ? YNL162W-A YNL162W-A 0.756 
CAGL0G08778g ? RRT14 YIL127C 0.756 
CAGL0L10406g CYT1 CYT1 YOR065W 0.755 
CAGL0K02211g ? LCP5 YER127W 0.755 
CAGL0E03069g ? ENP2 YGR145W 0.754 
CAGL0H09372g ? TYS1 YGR185C 0.752 
CAGL0H04235g ? DUS1 YML080W 0.749 
CAGL0J08184g ? ALP1 YNL270C 0.746 
CAGL0M04279g ? DIP2 YLR129W 0.745 
CAGL0K03465g ? ILV2 YMR108W 0.744 
CAGL0D05082g ? UBI4 YLL039C 0.743 
CAGL0J02222g ? NOP16 YER002W 0.742 
CAGL0G02101g ECM4 ECM4 YKR076W 0.741 
CAGL0K00913g ? ADE3 YGR204W 0.740 
CAGL0F00132g ? ? ? 0.739 
CAGL0K06215g ? UTP6 YDR449C 0.738 
CAGL0B00374g ? ADF1 YCL058W-A 0.738 
CAGL0J07062g ? CAR1 YPL111W 0.736 
CAGL0K12276g PHO88 PHO88 YBR106W 0.733 
CAGL0G07175g ? YGR109W-B YGR109W-B 0.732 
CAGL0E04884g ? ADR1 YDR216W 0.730 
CAGL0G06358g ? SNC1 YAL030W 0.729 
CAGL0J07920g ? FOL1 YNL256W 0.724 
CAGL0K08272g ? YSR3 YKR053C 0.722 
CAGL0J00473g ? CIC1 YHR052W 0.721 
CAGL0M01056g ? FCF1 YDR339C 0.720 
CAGL0G06248g ? MAK16 YAL025C 0.717 
CAGL0K03459g ? SPG4 YMR107W 0.716 
CAGL0M06347g ? YPC1 YBR183W 0.715 
CAGL0F04103g ? YBL028C YBL028C 0.714 
CAGL0D05302g ? RIB5 YBR256C 0.713 
CAGL0F07645g ? UTP11 YKL099C 0.711 
CAGL0B02755g ? YLR361C-A YLR361C-A 0.710 
CAGL0M10417g ? RCR1 YBR005W 0.710 
CAGL0G01210g NIT3 NIT3 YLR351C 0.706 
CAGL0L02849g ? RET1 YOR207C 0.702 
CAGL0B00352g ? KRR1 YCL059C 0.702 
CAGL0I03344g ? NRP1 YDL167C 0.702 
CAGL0G06468g ? YNL095C YNL095C 0.701 
CAGL0F02299g ? LOC1 YFR001W 0.701 
CAGL0D04884g ? RRP9 YPR137W 0.699 
CAGL0H07557g ? FZF1 YGL254W 0.698 
CAGL0L02321g ? MET14 YKL001C 0.697 
CAGL0F03025g ? ARO80 YDR421W 0.696 
CAGL0K11440g ? HTA1 YDR225W 0.695 
CAGL0I10670g ? NOC4 YPR144C 0.694 
CAGL0K04279g SCM4 SCM4 YGR049W 0.693 
CAGL0E01573g ? EMW1 YNL313C 0.690 
CAGL0L08547g ? ? ? 0.690 
CAGL0J05412g ? LSG1 YGL099W 0.686 
CAGL0J01870g ? PMR1 YGL167C 0.683 
CAGL0E03740g ? YHL026C YHL026C 0.683 
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CAGL0I03850g ? SCM3 YDL139C 0.681 
CAGL0G02761g ? DPH1 YIL103W 0.680 
CAGL0L11132g ? DIF1 YLR437C 0.679 
CAGL0H07887g ? ADE5,7 YGL234W 0.679 
CAGL0M14047g ? ADH6 YMR318C 0.678 
CAGL0E04774g ? YDR222W YDR222W 0.678 
CAGL0F01815g ? ? ? 0.677 
CAGL0L08932g LSP1 LSP1 YPL004C 0.676 
CAGL0H05621g RLM1 RLM1 YPL089C 0.676 
CAGL0I09152g ? POP4 YBR257W 0.675 
CAGL0M03839g ? BXI1 YNL305C 0.675 
CAGL0M04411g ? RKM5 YLR137W 0.673 
CAGL0L03872g ? RPC19 YNL113W 0.673 
CAGL0J06952g ? IDI1 YPL117C 0.672 
CAGL0A03993g ? PBA1 YLR199C 0.672 
CAGL0H03377g DBP3 DBP3 YGL078C 0.672 
CAGL0A00451g PDR1 PDR1 YGL013C 0.671 
CAGL0A01430g TRP5 TRP5 YGL026C 0.670 
CAGL0M03619g ? PUS4 YNL292W 0.670 
CAGL0J04554g ? AAT2 YLR027C 0.670 
CAGL0L07458g ? ECM2 YBR065C 0.669 
CAGL0G00858g ? MID2 YLR332W 0.669 
CAGL0K10362g ? ORT1 YOR130C 0.667 
CAGL0K07271g ? GIS4 YML006C 0.665 
CAGL0H02937g ? UTP18 YJL069C 0.664 
CAGL0H03905g ? ILV6 YCL009C 0.664 
CAGL0H09526g ? PRP22 YER013W 0.663 
CAGL0L12408g ? TRM44 YPL030W 0.662 
CAGL0C01639g ? ENP1 YBR247C 0.662 
CAGL0I01694g ? RAD26 YJR035W 0.661 
CAGL0I00440g ? ERV14 YGL054C 0.660 
CAGL0M09757g ? YLR287C YLR287C 0.660 
CAGL0F08129g SDA1 SDA1 YGR245C 0.660 
CAGL0M04213g ? YLR126C YLR126C 0.659 
CAGL0C03740g ? MIT1 YEL007W 0.659 
CAGL0J04576g ? DPH2 YKL191W 0.658 
CAGL0E05676g ? TYW1 YPL207W 0.658 
CAGL0F06589g ? KAR5 YMR065W 0.657 
CAGL0I06270g ? QCR8 YJL166W 0.655 
CAGL0H06985g ? UTP14 YML093W 0.655 
CAGL0K11297g ? YDR248C YDR248C 0.654 
CAGL0A00154g ? ? ? 0.654 
CAGL0I07051g ? CLG1 YGL215W 0.652 
CAGL0L04114g ? NAF1 YNL124W 0.652 
CAGL0H09130g ? MNN4 YKL201C 0.652 
CAGL0I08349g ? SGV1 YPR161C 0.651 
CAGL0K00341g ? ? ? 0.651 
CAGL0J06380g ? INH1 YDL181W 0.650 
CAGL0J11396g ? SWT21 YNL187W 0.650 
CAGL0K07700g ? BUD27 YFL023W 0.650 
CAGL0E01133g HOM2 HOM2 YDR158W 0.650 
CAGL0E02079g ? MSN1 YOL116W 0.649 
CAGL0M06941g ? RCM1 YNL022C 0.644 
CAGL0G10109g ? RPC82 YPR190C 0.643 
CAGL0C00737g ? UTP13 YLR222C 0.643 
CAGL0F01551g ? FYV7 YLR068W 0.642 
CAGL0G10153g ? QCR7 YDR529C 0.641 
CAGL0M12320g ? FLC2 YAL053W 0.640 
CAGL0K02145g ? COM2 YER130C 0.639 
CAGL0G09691g ? SER1 YOR184W 0.639 
CAGL0D05588g ? SOF1 YLL011W 0.636 
CAGL0F08107g LSC2 LSC2 YGR244C 0.634 
CAGL0L04708g ? YGR111W YGR111W 0.631 
CAGL0L03025g ? RPC37 YKR025W 0.630 
CAGL0F02849g ? RRP17 YDR412W 0.630 
CAGL0M03751g ? TRF5 YNL299W 0.626 
CAGL0G07843g ? NOP7 YGR103W 0.624 
CAGL0L12672g ? NOP4 YPL043W 0.623 
CAGL0A03366g ? ADE16 YLR028C 0.622 
CAGL0F04983g ? DBP9 YLR276C 0.620 
CAGL0L08976g ? SPB4 YFL002C 0.619 
CAGL0F02431g ACO2 ACO2 YJL200C 0.619 
CAGL0J10252g ? IMP4 YNL075W 0.619 
CAGL0I10494g ? FHN1 YGR131W 0.618 
CAGL0J05698g ? RPC31 YNL151C 0.618 
CAGL0L04026g ? NCS2 YNL119W 0.617 
CAGL0L00583g ? USV1 YPL230W 0.617 
CAGL0C03223g ? SDH2 YLL041C 0.616 
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CAGL0I03608g ? SAS10 YDL153C 0.615 
CAGL0E04312g ? STP2 YHR006W 0.615 
CAGL0F01177g ? YOL036W YOL036W 0.615 
CAGL0I10246g PWP2 FLO1 YAR050W 0.614 
CAGL0E02123g ? PTH4 YOL114C 0.614 
CAGL0C02277g GLN3 GLN3 YER040W 0.613 
CAGL0B00902g HIS4 HIS4 YCL030C 0.613 
CAGL0B02794g ? ADE13 YLR359W 0.612 
CAGL0J08932g ? CDC123 YLR215C 0.611 
CAGL0B01837g ? TMA64 YDR117C 0.611 
CAGL0M09020g ? SFC1 YJR095W 0.610 
CAGL0F06853g ? MAK11 YKL021C 0.609 
CAGL0M07227g ? UTP9 YHR196W 0.607 
CAGL0J03762g MET7 MET7 YOR241W 0.607 
CAGL0J08844g ? NOP14 YDL148C 0.606 
CAGL0I09504g ? CHK1 YBR274W 0.605 
CAGL0B03289g ? DUG2 YBR281C 0.601 
CAGL0J09746g ? TRM8 YDL201W 0.601 
CAGL0F02761g ? ADE8 YDR408C 0.600 
CAGL0K01045g ? GCD2 YGR083C 0.600 
CAGL0J01045g ? HCA4 YJL033W 0.599 
CAGL0E02343g ? RCL1 YOL010W 0.599 
CAGL0D06402g MET15 MET17 YLR303W 0.598 
CAGL0D00836g ? SYO1 YDL063C 0.598 
CAGL0M11264g ? TAF7 YMR227C 0.597 
CAGL0F02475g ? PRP21 YJL203W 0.594 
CAGL0E00583g ? TRX3 YCR083W 0.593 
CAGL0I08613g DUR3 DUR3 YHL016C 0.593 
CAGL0L10516g ? RPF2 YKR081C 0.593 
CAGL0F00561g ? RPA12 YJR063W 0.590 
CAGL0C05027g ? YAT1 YAR035W 0.587 
CAGL0H02431g ? TRM732 YMR259C 0.586 
CAGL0J10824g ? ERG7 YHR072W 0.586 
CAGL0K09350g ? SIP2 YGL208W 0.586 
CAGL0G05742g ? NOP6 YDL213C 0.585 
CAGL0J02376g ? FAF1 YIL019W 0.584 
CAGL0A02189g ? MSR1 YHR091C 0.582 
CAGL0G03465g ? LSM4 YER112W 0.582 
CAGL0K03795g ? ECM16 YMR128W 0.581 
CAGL0M13915g ? YGR283C YGR283C 0.581 
CAGL0J00649g ? THR1 YHR025W 0.580 
CAGL0M01210g ? IPI1 YHR085W 0.580 
CAGL0H01595g ? RBA50 YDR527W 0.580 
CAGL0A03652g ? MAK5 YBR142W 0.579 
CAGL0J10912g ? RRP3 YHR065C 0.579 
CAGL0L03047g ? DBP7 YKR024C 0.579 
CAGL0H09812g ? SOK1 YDR006C 0.578 
CAGL0J08635g ? VPS21 YOR089C 0.578 
CAGL0I07865g ? PHM7 YOL084W 0.577 
CAGL0L08250g ? SSL2 YIL143C 0.576 
CAGL0L06710g ? RTC2 YBR147W 0.576 
CAGL0I04994g MET6 MET6 YER091C 0.576 
CAGL0K01551g ? DBP10 YDL031W 0.574 
CAGL0J05390g ? ? ? 0.574 
CAGL0I06006g ? RPA34 YJL148W 0.572 
CAGL0C02343g ? ARB1 YER036C 0.570 
CAGL0F08965g ? MSC7 YHR039C 0.570 
CAGL0I02376g ? NOP19 YGR251W 0.570 
CAGL0F07029g MET13 MET13 YGL125W 0.570 
CAGL0F01925g ? FCF2 YLR051C 0.569 
CAGL0K03861g ? RRB1 YMR131C 0.568 
CAGL0F08415g ? BUD32 YGR262C 0.567 
CAGL0J03916g ? HES1 YOR237W 0.567 
CAGL0B00946g ? RNQ1 YCL028W 0.567 
CAGL0G09196g ? DDC1 YPL194W 0.565 
CAGL0L10868g ? FSF1 YOR271C 0.564 
CAGL0M10197g ? MRT4 YKL009W 0.563 
CAGL0H02959g TOS8 TOS8 YGL096W 0.562 
CAGL0J11154g ? NOP13 YNL175C 0.560 
CAGL0L05500g ? ALB1 YJL122W 0.560 
CAGL0F06523g ? DHR2 YKL078W 0.560 
CAGL0G10131g ? QCR2 YPR191W 0.559 
CAGL0L06688g ? ? ? 0.559 
CAGL0K08888g ? GCD1 YOR260W 0.558 
CAGL0F04433g URA7 URA7 YBL039C 0.555 
CAGL0M11110g ? RRP1 YDR087C 0.555 
CAGL0J01023g ? TAD2 YJL035C 0.554 
CAGL0C01419g ? MRN1 YPL184C 0.554 
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CAGL0D01276g ? OPY2 YPR075C 0.554 
CAGL0C01573g ? ARO4 YBR249C 0.554 
CAGL0D05500g ? HGH1 YGR187C 0.553 
CAGL0H04081g ERG13 ERG13 YML126C 0.552 
CAGL0H01199g ? GCN2 YDR283C 0.550 
CAGL0I00264g ? HYR1 YIR037W 0.549 
CAGL0F03267g ? LAM4 YHR080C 0.547 
CAGL0A03674g ? BMT2 YBR141C 0.546 
CAGL0G01320g ? MSG5 YNL053W 0.546 
CAGL0K09460g ? PNO1 YOR145C 0.546 
CAGL0E05478g ? RPA43 YOR340C 0.545 
CAGL0H02497g ? GFD1 YMR255W 0.544 
CAGL0L04092g ? NMA111 YNL123W 0.543 
CAGL0L02799g ? RPB10 YOR210W 0.543 
CAGL0E00649g ? PTC6 YCR079W 0.542 
CAGL0G03311g ? ILS1 YBL076C 0.541 
CAGL0I01562g ? VMA3 YEL027W 0.541 
CAGL0M00132g EPA12 FLO1 YAR050W 0.541 
CAGL0K10010g ? RRP8 YDR083W 0.539 
CAGL0H02079g ? RPF1 YHR088W 0.539 
CAGL0K02233g ? NSA2 YER126C 0.539 
CAGL0C04917g ? CPA2 YJR109C 0.537 
CAGL0M08492g PIR3 PIR1 YKL164C 0.537 
CAGL0G09449g CRH1 CRH1 YGR189C 0.537 
CAGL0I05654g ? URK1 YNR012W 0.537 
CAGL0M10043g ? YDR444W YDR444W 0.536 
CAGL0K10076g ? VPS41 YDR080W 0.535 
CAGL0E02673g ? UTP23 YOR004W 0.533 
CAGL0K00473g ? LOS1 YKL205W 0.532 
CAGL0K07029g ? PRP5 YBR237W 0.532 
CAGL0M11484g ? ARO1 YDR127W 0.531 
CAGL0M01430g ? UTP4 YDR324C 0.530 
CAGL0F02541g ? UTP5 YDR398W 0.529 
CAGL0C02585g ? AFG2 YLR397C 0.527 
CAGL0L12914g ? YKL050C YKL050C 0.527 
CAGL0I03806g ? BPL1 YDL141W 0.526 
CAGL0M08822g HSP78 HSP78 YDR258C 0.526 
CAGL0J08866g ? ATG38 YLR211C 0.526 
CAGL0D04796g ? NAT3 YPR131C 0.526 
CAGL0G01947g ? DRE2 YKR071C 0.525 
CAGL0D05060g ? PPT1 YGR123C 0.524 
CAGL0L09911g ? CSS1 YIL169C 0.523 
CAGL0L09691g ? PUT3 YKL015W 0.523 
CAGL0K00957g ? ELP2 YGR200C 0.520 
CAGL0G09977g GDB1 GDB1 YPR184W 0.518 
CAGL0I10098g PWP7 FLO9 YAL063C 0.516 
CAGL0G09042g ? AFT1 YGL071W 0.513 
CAGL0H07205g ? RRP4 YHR069C 0.513 
CAGL0A01958g ? TSR4 YOL022C 0.513 
CAGL0J11506g ? CHS1 YNL192W 0.513 
CAGL0L09229g ? AIM45 YPR004C 0.512 
CAGL0F05247g ? APD1 YBR151W 0.512 
CAGL0L08206g ? RRP43 YCR035C 0.511 
CAGL0J03344g ? UTP7 YER082C 0.511 
CAGL0G02783g ? SHQ1 YIL104C 0.510 
CAGL0J06094g ? RIA1 YNL163C 0.510 
CAGL0J07392g URE2 URE2 YNL229C 0.509 
CAGL0F07359g ? YGL117W YGL117W 0.509 
CAGL0H00935g ? YAR1 YPL239W 0.509 
CAGL0L10846g ? BUD23 YCR047C 0.508 
CAGL0M13519g ? HAS1 YMR290C 0.507 
CAGL0M00682g ? YLR446W YLR446W 0.506 
CAGL0F03135g ? RPN9 YDR427W 0.506 
CAGL0M11154g ? MAK21 YDR060W 0.505 
CAGL0G10043g ? RPO26 YPR187W 0.503 
CAGL0L11220g ? MFT1 YML062C 0.503 
CAGL0D05874g ? MPP10 YJR002W 0.502 
CAGL0L04950g ? ERB1 YMR049C 0.501 
CAGL0I01254g ? UBA4 YHR111W 0.500 
CAGL0F08811g ? SNU71 YGR013W 0.499 
CAGL0K03927g ? ERG29 YMR134W 0.498 
CAGL0L03740g ? RKI1 YOR095C 0.498 
CAGL0A03971g ? YKE2 YLR200W 0.498 
CAGL0M03971g ? SKP2 YNL311C 0.497 
CAGL0I10560g ? UTP8 YGR128C 0.496 
CAGL0B04125g ? RPC40 YPR110C 0.494 
CAGL0M10527g ? UTP20 YBL004W 0.494 
CAGL0E02057g ? RRI2 YOL117W 0.493 
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CAGL0J04598g ? URA4 YLR420W 0.493 
CAGL0M00946g ? TSR2 YLR435W 0.493 
CAGL0K11462g ? HTB1 YDR224C 0.492 
CAGL0D01628g ? BRR1 YPR057W 0.492 
CAGL0H05973g ? YPL108W YPL108W 0.492 
CAGL0C03355g ? ESF2 YNR054C 0.491 
CAGL0B00528g ? LRE1 YCL051W 0.491 
CAGL0M05885g ? LAS1 YKR063C 0.490 
CAGL0E01639g ? VPS68 YOL129W 0.488 
CAGL0E03542g ? SPH1 YLR313C 0.488 
CAGL0K05555g ? BUD21 YOR078W 0.487 
CAGL0I07799g ? RPB5 YBR154C 0.487 
CAGL0I08305g ? YAT2 YER024W 0.487 
CAGL0I02398g ? NMD3 YHR170W 0.486 
CAGL0J08349g ? CAF120 YNL278W 0.486 
CAGL0B01397g NOP8 NOP8 YOL144W 0.485 
CAGL0H07975g ? LHP1 YDL051W 0.484 
CAGL0H10406g ? TRM3 YDL112W 0.484 
CAGL0L02871g ? NOC2 YOR206W 0.483 
CAGL0L01199g ? IES6 YEL044W 0.483 
CAGL0M06171g ? UMP1 YBR173C 0.483 
CAGL0H08019g ? RIO2 YNL207W 0.481 
CAGL0I08767g ? LSO2 YGR169C-A 0.480 
CAGL0G06028g ARO9 ARO9 YHR137W 0.480 
CAGL0B04169g ? MRD1 YPR112C 0.480 
CAGL0L10120g ? RAT1 YOR048C 0.480 
CAGL0A04455g ? SEF1 YBL066C 0.480 
CAGL0F08503g ? FOL2 YGR267C 0.479 
CAGL0D00880g ? TSR1 YDL060W 0.478 
CAGL0E03223g ? MTR3 YGR158C 0.477 
CAGL0D02882g ? SSK1 YLR006C 0.477 
CAGL0L03806g ? NOP15 YNL110C 0.477 
CAGL0K06457g ? RMT2 YDR465C 0.476 
CAGL0C03630g ? MVD1 YNR043W 0.476 
CAGL0D06336g ? TYW3 YGL050W 0.475 
CAGL0C01441g ? RTT10 YPL183C 0.475 
CAGL0I01606g ? URB2 YJR041C 0.473 
CAGL0F04565g ? COR1 YBL045C 0.472 
CAGL0H08129g ? DFG16 YOR030W 0.472 
CAGL0L00781g MET30 MET30 YIL046W 0.471 
CAGL0K01089g ? SLX9 YGR081C 0.470 
CAGL0M06545g ? SSH4 YKL124W 0.470 
CAGL0L00429g ? GCV2 YMR189W 0.470 
CAGL0J10890g ? SSF2 YDR312W 0.470 
CAGL0L03718g ? CMR2 YOR093C 0.469 
CAGL0I08745g ? PSD2 YGR170W 0.469 
CAGL0H05247g ? YPL068C YPL068C 0.467 
CAGL0C01353g ? SEC24 YIL109C 0.466 
CAGL0K08646g ? KTI12 YKL110C 0.466 
CAGL0I04708g PDX3 PDX3 YBR035C 0.466 
CAGL0L06160g ? COX4 YGL187C 0.466 
CAGL0F06809g ? YVH1 YIR026C 0.466 
CAGL0D03124g ? DRS1 YLL008W 0.465 
CAGL0L05170g ? RRP14 YKL082C 0.462 
CAGL0L05566g ? GCD14 YJL125C 0.462 
CAGL0J10032g ? NOP2 YNL061W 0.462 
CAGL0M00484g ? XPT1 YJR133W 0.461 
CAGL0K05841g HAP1 HAP1 YLR256W 0.461 
CAGL0J08910g ? CRR1 YLR213C 0.461 
CAGL0M04939g ? TRI1 YMR233W 0.460 
CAGL0G01276g ? YNL050C YNL050C 0.460 
CAGL0G08624g QDR2 QDR1 YIL120W 0.460 
CAGL0J02860g ? JHD1 YER051W 0.460 
CAGL0I00242g ? HYR1 YIR037W 0.460 
CAGL0M03773g ? TOS6 YNL300W 0.458 
CAGL0J05126g BNA3 BNA3 YJL060W 0.457 
CAGL0B04895g ? RFX1 YLR176C 0.455 
CAGL0E03355g ? BPT1 YLL015W 0.454 
CAGL0K07051g ? ABD1 YBR236C 0.453 
CAGL0F03289g ? LRP1 YHR081W 0.452 
CAGL0J11286g ? IPI3 YNL182C 0.452 
CAGL0F05511g ? RKM2 YDR198C 0.452 
CAGL0L07678g ? DIM1 YPL266W 0.451 
CAGL0M11638g ? REX3 YLR107W 0.451 
CAGL0A00385g ? KAP122 YGL016W 0.451 
CAGL0H02783g ? NET1 YJL076W 0.450 
CAGL0I07931g ? REX4 YOL080C 0.448 
CAGL0E03454g IMH1 IMH1 YLR309C 0.447 
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CAGL0J05522g ? SAL1 YNL083W 0.446 
CAGL0H00957g ? SUI3 YPL237W 0.444 
CAGL0G08151g ? GRX3 YDR098C 0.442 
CAGL0J06622g ? PML39 YML107C 0.441 
CAGL0M07381g ? KTR6 YPL053C 0.440 
CAGL0L05632g ? PBS2 YJL128C 0.439 
CAGL0B03553g ? POL5 YEL055C 0.439 
CAGL0I09350g ? REI1 YBR267W 0.438 
CAGL0L07040g ? LUC7 YDL087C 0.438 
CAGL0K03553g FOL3 FOL3 YMR113W 0.438 
CAGL0J05588g ? SNN1 YNL086W 0.437 
CAGL0J08679g ? TMA46 YOR091W 0.437 
CAGL0L10538g ? PAN5 YHR063C 0.436 
CAGL0B01617g ? HPR1 YDR138W 0.436 
CAGL0H05225g ? HTC1 YPL067C 0.435 
CAGL0K04169g ? KSS1 YGR040W 0.434 
CAGL0M02101g ? PET20 YPL159C 0.434 
CAGL0J11792g ? RRN11 YML043C 0.433 
CAGL0M03245g ? PXP1 YEL020C 0.431 
CAGL0J05214g ? NUP82 YJL061W 0.431 
CAGL0J03718g ? PUS7 YOR243C 0.430 
CAGL0I05676g ? PRP2 YNR011C 0.429 
CAGL0L10890g ? YTM1 YOR272W 0.429 
CAGL0M13739g ? ATM1 YMR301C 0.427 
CAGL0H09636g ? YER010C YER010C 0.427 
CAGL0J11352g ? UBP10 YNL186W 0.426 
CAGL0C02805g ? GPN2 YOR262W 0.426 
CAGL0G09218g ? RSA1 YPL193W 0.426 
CAGL0G06688g MET4 MET4 YNL103W 0.424 
CAGL0M06127g ? SEC66 YBR171W 0.424 
CAGL0E00275g EPA20 FLO5 YHR211W 0.423 
CAGL0B00506g ? PBN1 YCL052C 0.423 
CAGL0G00440g ? LCB1 YMR296C 0.423 
CAGL0B02211g CCH1 CCH1 YGR217W 0.423 
CAGL0M06369g ? ELP3 YPL086C 0.422 
CAGL0C01221g ? GCD6 YDR211W 0.419 
CAGL0L10692g ? RAD14 YMR201C 0.419 
CAGL0M00330g HOM6 HOM6 YJR139C 0.419 
CAGL0G05093g ? YDR061W YDR061W 0.418 
CAGL0L08096g ? MNN5 YJL186W 0.417 
CAGL0K06919g MCX1 MCX1 YBR227C 0.417 
CAGL0I05588g ? SMM1 YNR015W 0.417 
CAGL0G03069g ? DRN1 YGR093W 0.417 
CAGL0H00869g ? SRP68 YPL243W 0.416 
CAGL0I02354g ? DBP8 YHR169W 0.416 
CAGL0J02728g ? SAP1 YER047C 0.415 
CAGL0I09768g ? SNU66 YOR308C 0.415 
CAGL0H07711g ? RTF1 YGL244W 0.414 
CAGL0M00550g ? STR2 YJR130C 0.414 
CAGL0F07095g ? NAB2 YGL122C 0.412 
CAGL0G01386g ? SLM2 YNL047C 0.412 
CAGL0L11704g ? SPT2 YER161C 0.412 
CAGL0K07898g ? YPR084W YPR084W 0.412 
CAGL0G07755g ? TEL2 YGR099W 0.411 
CAGL0H01243g ? HRQ1 YDR291W 0.411 
CAGL0J10670g ? NMD2 YHR077C 0.410 
CAGL0I09196g ? YBR259W YBR259W 0.408 
CAGL0J07788g ? RAD50 YNL250W 0.408 
CAGL0E05698g ? RKM1 YPL208W 0.408 
CAGL0M05049g ? DFG5 YMR238W 0.408 
CAGL0M00264g ? IPA1 YJR141W 0.408 
CAGL0J11528g ? YNL193W YNL193W 0.407 
CAGL0H10098g ? PRP6 YBR055C 0.407 
CAGL0K05049g ? POP1 YNL221C 0.406 
CAGL0H08580g ? TAH18 YPR048W 0.406 
CAGL0J06006g ? GIM3 YNL153C 0.405 
CAGL0J06314g ? DLD2 YDL178W 0.405 
CAGL0K06413g ? STP1 YDR463W 0.404 
CAGL0L00297g ? TAF2 YCR042C 0.404 
CAGL0I02090g ? KEL1 YHR158C 0.403 
CAGL0K00429g ? NPA3 YJR072C 0.402 
CAGL0J09460g ? AIR1 YIL079C 0.402 
CAGL0D05324g ? MTC4 YBR255W 0.397 
CAGL0J00539g SLT2 SLT2 YHR030C 0.396 
CAGL0G05379g ? GCR2 YNL199C 0.394 
CAGL0G06402g ? CIR2 YOR356W 0.393 
CAGL0J00275g ? RRP45 YDR280W 0.392 
CAGL0G07975g ? DBP6 YNR038W 0.392 
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CAGL0L06226g ? HEK2 YBL032W 0.388 
CAGL0I03630g ? RPC53 YDL150W 0.383 
CAGL0K11374g ? PCF11 YDR228C 0.382 
CAGL0E00627g SRB8 SRB8 YCR081W 0.380 
CAGL0M05159g ? RNT1 YMR239C 0.379 
CAGL0I03300g ? BUD16 YEL029C 0.377 
CAGL0L03784g ? NUP1 YOR098C 0.377 
CAGL0M09515g ? ROX3 YBL093C 0.377 
CAGL0J07722g ? VPS75 YNL246W 0.374 
CAGL0E04290g ? YMD8 YML038C 0.370 
CAGL0F03751g ? CEF1 YMR213W 0.369 
CAGL0J10516g ? DOT1 YDR440W 0.367 
CAGL0K12210g ? YMC2 YBR104W 0.365 
CAGL0B03509g ? RCK1 YGL158W 0.363 
CAGL0G02321g ? OMA1 YKR087C 0.363 
CAGL0I05324g ? EMC5 YIL027C 0.362 
CAGL0F03707g ? HRK1 YOR267C 0.358 
CAGL0I02222g ? DNA2 YHR164C 0.356 
CAGL0H04367g WAR1 WAR1 YML076C 0.355 
CAGL0L00715g ? NEO1 YIL048W 0.348 
CAGL0H10494g ? NUP84 YDL116W 0.347 
CAGL0G01298g ? COG5 YNL051W 0.345 
CAGL0J08459g ? PSP1 YDR505C 0.344 
CAGL0M06919g ? FAP1 YNL023C 0.329 
CAGL0K05005g ? ALG9 YNL219C -0.325 
CAGL0D01012g ? MBP1 YDL056W -0.339 
CAGL0H09086g ? YHR127W YHR127W -0.340 
CAGL0M05621g ? CSH1 YBR161W -0.345 
CAGL0C04169g ? DSF2 YBR007C -0.346 
CAGL0C03553g ? PET494 YNR045W -0.353 
CAGL0H00396g ? LEU3 YLR451W -0.353 
CAGL0G02541g ? ESL1 YIL151C -0.356 
CAGL0K11022g ? FMN1 YDR236C -0.356 
CAGL0J05280g ? DLS1 YJL065C -0.359 
CAGL0A03696g ? GAL83 YER027C -0.361 
CAGL0K06237g ? PPN1 YDR452W -0.363 
CAGL0J05236g ? LAS21 YJL062W -0.366 
CAGL0F05885g ? HOF1 YMR032W -0.367 
CAGL0J08657g ? PTC5 YOR090C -0.370 
CAGL0C00517g ? HSL7 YBR133C -0.370 
CAGL0E00495g ? YCR090C YCR090C -0.371 
CAGL0J08888g ? TUB4 YLR212C -0.371 
CAGL0D02376g ? CLF1 YLR117C -0.374 
CAGL0J05478g ? SWS2 YNL081C -0.375 
CAGL0H04499g ? HLJ1 YMR161W -0.376 
CAGL0L06468g ? YDR131C YDR131C -0.377 
CAGL0M13585g ? HER2 YMR293C -0.377 
CAGL0G08844g ? ASG1 YIL130W -0.378 
CAGL0A02794g ? KEI1 YDR367W -0.380 
CAGL0A03883g ? QRI5 YLR204W -0.381 
CAGL0F01331g ? PET127 YOR017W -0.381 
CAGL0B01441g ? RPD3 YNL330C -0.382 
CAGL0A01716g ? PNC1 YGL037C -0.382 
CAGL0J10230g ? MSK1 YNL073W -0.383 
CAGL0F03685g ? COX10 YPL172C -0.384 
CAGL0H08459g ? YBR096W YBR096W -0.387 
CAGL0G03861g ? TAM41 YGR046W -0.390 
CAGL0D05786g ? RTT109 YLL002W -0.390 
CAGL0D05412g ? MRPS5 YBR251W -0.391 
CAGL0J11198g ? MRPL22 YNL177C -0.391 
CAGL0M01936g ? PFF1 YBR074W -0.392 
CAGL0E06336g ? SRP102 YKL154W -0.393 
CAGL0E04114g ? AFG1 YEL052W -0.393 
CAGL0G06952g PHM3 VTC4 YJL012C -0.395 
CAGL0G07887g ? VOA1 YGR106C -0.395 
CAGL0M00858g MRPL4 MRPL4 YLR439W -0.395 
CAGL0H06193g ? FUN30 YAL019W -0.396 
CAGL0E06468g ? AVT3 YKL146W -0.398 
CAGL0H03025g ? PAN2 YGL094C -0.398 
CAGL0M05643g ? YFH1 YDL120W -0.399 
CAGL0J10076g ? PRM5 YIL117C -0.399 
CAGL0M06391g ? MBA1 YBR185C -0.399 
CAGL0A03146g ? COI1 YDR381C-A -0.399 
CAGL0J03894g ? DFR1 YOR236W -0.400 
CAGL0L11044g ? FSH3 YOR280C -0.400 
CAGL0D05566g ? YEH1 YLL012W -0.402 
CAGL0M05929g ? PAM17 YKR065C -0.405 
CAGL0M01298g ? GPI8 YDR331W -0.406 
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CAGL0G07128g ? NSE5 YML023C -0.407 
CAGL0I04598g ? TCM62 YBR044C -0.407 
CAGL0A03476g ? SMF3 YLR034C -0.409 
CAGL0I08811g ? PEX35 YGR168C -0.410 
CAGL0K01793g ? ERP3 YDL018C -0.410 
CAGL0M10351g ? MAF1 YDR005C -0.411 
CAGL0H04103g ? UFO1 YML088W -0.415 
CAGL0K05577g ? ATX2 YOR079C -0.415 
CAGL0J09372g ? HNT1 YDL125C -0.416 
CAGL0L07744g ? ADP1 YCR011C -0.416 
CAGL0D03036g ? AVT1 YJR001W -0.416 
CAGL0I02794g ? DPI34 YOR114W -0.418 
CAGL0H01793g ? MNN14 YJR061W -0.418 
CAGL0F00759g ? PMT2 YAL023C -0.419 
CAGL0H00825g ? YPL245W YPL245W -0.420 
CAGL0E05830g ? CBP3 YPL215W -0.420 
CAGL0K11968g ? EHD3 YDR036C -0.421 
CAGL0K07612g ? SHE2 YKL130C -0.422 
CAGL0G08250g ? MAP1 YLR244C -0.423 
CAGL0J02244g ? PMI40 YER003C -0.424 
CAGL0I05896g YAK1 YAK1 YJL141C -0.424 
CAGL0G04389g ? GZF3 YJL110C -0.425 
CAGL0F09097g SKN7 SKN7 YHR206W -0.425 
CAGL0M09647g ? YMR155W YMR155W -0.425 
CAGL0C00627g ATG14 ATG14 YBR128C -0.426 
CAGL0B02563g GIN3 MSC1 YML128C -0.426 
CAGL0M13475g ? HSH155 YMR288W -0.428 
CAGL0H04587g ? AVT5 YBL089W -0.428 
CAGL0A02475g ? ATP22 YDR350C -0.429 
CAGL0J05082g ? IKS1 YJL057C -0.429 
CAGL0B04213g ? RGC1 YPR115W -0.430 
CAGL0K05269g ? NTO1 YPR031W -0.430 
CAGL0M09317g ? AIM24 YJR080C -0.430 
CAGL0L04488g ? SWT1 YOR166C -0.430 
CAGL0I08371g ? ORC4 YPR162C -0.431 
CAGL0I03498g ? STE7 YDL159W -0.431 
CAGL0I09746g ? SLY41 YOR307C -0.431 
CAGL0L10824g ? IMG1 YCR046C -0.432 
CAGL0H06611g ? ESL1 YIL151C -0.432 
CAGL0L10648g ? CLN1 YMR199W -0.432 
CAGL0I02156g ? YAP1801 YHR161C -0.434 
CAGL0M10637g ? MRPL50 YNR022C -0.434 
CAGL0K09988g ? TVP23 YDR084C -0.434 
CAGL0M04257g ? DCN1 YLR128W -0.435 
CAGL0K10274g ? CAT5 YOR125C -0.435 
CAGL0I10054g ? SKN1 YGR143W -0.435 
CAGL0K09856g ? YNL092W YNL092W -0.437 
CAGL0L09108g ? PDH1 YPR002W -0.437 
CAGL0M01122g ? MRX8 YDR336W -0.437 
CAGL0M03883g ? MRPS18 YNL306W -0.438 
CAGL0D02156g ? GNA1 YFL017C -0.438 
CAGL0I09636g ? RNT1 YMR239C -0.439 
CAGL0M05995g ? PET10 YKR046C -0.439 
CAGL0A01738g ? OCH1 YGL038C -0.440 
CAGL0H03883g ? MRP7 YNL005C -0.441 
CAGL0E02299g ? HRD1 YOL013C -0.441 
CAGL0J04686g ATG17 ATG17 YLR423C -0.441 
CAGL0I09372g ? MRPL37 YBR268W -0.443 
CAGL0K12056g ? RSM10 YDR041W -0.445 
CAGL0M06611g ? AVT7 YIL088C -0.446 
CAGL0F04697g ? YLR257W YLR257W -0.447 
CAGL0L06446g ? YDR132C YDR132C -0.448 
CAGL0L04158g ? FAR11 YNL127W -0.448 
CAGL0H06743g ? COA1 YIL157C -0.448 
CAGL0I05280g ? YKE4 YIL023C -0.449 
CAGL0I00308g ? SOH1 YGL127C -0.450 
CAGL0M11308g ? YPK9 YOR291W -0.450 
CAGL0F02513g ? NCE101 YJL205C -0.451 
CAGL0D01782g ? MDS3 YGL197W -0.452 
CAGL0M13321g ? SVP26 YHR181W -0.453 
CAGL0L06644g ? RTT107 YHR154W -0.453 
CAGL0J09878g ? TFC1 YBR123C -0.454 
CAGL0C02431g ? FIR1 YER032W -0.457 
CAGL0J10472g ? SSN2 YDR443C -0.458 
CAGL0H09966g ? FMP23 YBR047W -0.460 
CAGL0B04015g ? PCT1 YGR202C -0.461 
CAGL0H08305g ? DET1 YDR051C -0.461 
CAGL0L02651g ? STE13 YOR219C -0.461 
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CAGL0J05852g ? IFA38 YBR159W -0.463 
CAGL0E06314g ? RSM22 YKL155C -0.464 
CAGL0K01375g MRP10 MRP10 YDL045W-A -0.466 
CAGL0M13541g ? TDA1 YMR291W -0.467 
CAGL0D03520g ? MIA40 YKL195W -0.467 
CAGL0I02178g ? MPC2 YHR162W -0.467 
CAGL0L06732g ? MRPS9 YBR146W -0.468 
CAGL0K05137g ? ATH1 YPR026W -0.469 
CAGL0M13255g ? YET1 YKL065C -0.470 
CAGL0I06292g PEX2 PEX2 YJL210W -0.470 
CAGL0B03993g ? ILV3 YJR016C -0.470 
CAGL0H09768g ? FMP52 YER004W -0.471 
CAGL0J03388g ? AIR2 YDL175C -0.472 
CAGL0M06677g ? HHF2 YNL030W -0.472 
CAGL0M00880g CAR2 CAR2 YLR438W -0.473 
CAGL0J00495g ? ERC1 YHR032W -0.474 
CAGL0K07590g MYO3 MYO3 YKL129C -0.475 
CAGL0I00462g ? HRI1 YLR301W -0.475 
CAGL0F07601g CWP1.1 CWP2 YKL096W-A -0.475 
CAGL0J02508g AWP1 ? ? -0.475 
CAGL0H02695g ? GLG1 YKR058W -0.476 
CAGL0F01287g GAS5 GAS5 YOL030W -0.477 
CAGL0G01188g ? ORM2 YLR350W -0.478 
CAGL0G08668g ? SIM1 YIL123W -0.478 
CAGL0A04103g ? UPS1 YLR193C -0.478 
CAGL0K02959g ? NEM1 YHR004C -0.479 
CAGL0H00374g SST2 SST2 YLR452C -0.481 
CAGL0I00484g ? EXG1 YLR300W -0.481 
CAGL0J05247g ? COA3 YJL062W-A -0.482 
CAGL0I01386g ? UTR1 YJR049C -0.482 
CAGL0K11198g ? PRP28 YDR243C -0.482 
CAGL0B03817g ? MHO1 YJR008W -0.482 
CAGL0H05907g ? MSD1 YPL104W -0.483 
CAGL0C01793g ? OM14 YBR230C -0.484 
CAGL0B02255g ? RSM27 YGR215W -0.485 
CAGL0L01551g ? SUR7 YML052W -0.485 
CAGL0M09713g ? YIM1 YMR152W -0.486 
CAGL0J03608g ? HCM1 YCR065W -0.486 
CAGL0H09064g FUR1 FUR1 YHR128W -0.487 
CAGL0I01144g ? YPT35 YHR105W -0.488 
CAGL0M08338g ? MRPL38 YKL170W -0.488 
CAGL0A02992g ? BCS1 YDR375C -0.488 
CAGL0F01969g ? MLO50 YLR049C -0.488 
CAGL0B00858g ? STE50 YCL032W -0.489 
CAGL0E00715g ? RSM24 YDR175C -0.489 
CAGL0L03311g ? SHB17 YKR043C -0.490 
CAGL0M09603g ? MRPS8 YMR158W -0.492 
CAGL0I02530g ? FMO1 YHR176W -0.492 
CAGL0D03542g ? MST1 YKL194C -0.494 
CAGL0C00385g ? IOC2 YLR095C -0.494 
CAGL0F03663g ? MRPL40 YPL173W -0.495 
CAGL0G07931g ? MRPS12 YNR036C -0.496 
CAGL0E01177g CPR1 CPR1 YDR155C -0.497 
CAGL0H04389g ? GEP4 YHR100C -0.497 
CAGL0K03773g ? SAS2 YMR127C -0.498 
CAGL0L07942g ? MAK31 YCR020C-A -0.499 
CAGL0M10978g ? ? ? -0.501 
CAGL0C01727g ? ALG7 YBR243C -0.502 
CAGL0G05808g ? YDL211C YDL211C -0.502 
CAGL0D02266g ? TFB6 YOR352W -0.506 
CAGL0M09636g ? TPP1 YMR156C -0.506 
CAGL0D04466g ? PSF1 YDR013W -0.506 
CAGL0B03971g ? SNG1 YGR197C -0.506 
CAGL0E01969g ? SMF1 YOL122C -0.507 
CAGL0A02255g ? YCL049C YCL049C -0.507 
CAGL0L04664g HEM15 HEM15 YOR176W -0.507 
CAGL0I09328g ? TSC10 YBR265W -0.508 
CAGL0D01760g ? YIP4 YGL198W -0.510 
CAGL0C05445g ? BRE4 YDL231C -0.510 
CAGL0M00770g SIR3 SIR3 YLR442C -0.510 
CAGL0E03938g ? RPL8A YHL033C -0.511 
CAGL0G07513g ? ATP12 YJL180C -0.512 
CAGL0F03069g CAD1 CAD1 YDR423C -0.513 
CAGL0G05764g ? RHO5 YNL180C -0.515 
CAGL0E01309g ? EKI1 YDR147W -0.516 
CAGL0M12749g ? PCI8 YIL071C -0.517 
CAGL0F06017g LYS7 CCS1 YMR038C -0.517 
CAGL0H06545g ? ATG32 YIL146C -0.520 
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CAGL0M02519g ? FRK1 YPL141C -0.521 
CAGL0F04785g ? VHS2 YIL135C -0.522 
CAGL0I01672g ? HUL4 YJR036C -0.522 
CAGL0H07623g ? RMR1 YGL250W -0.525 
CAGL0L12298g ? PDS1 YDR113C -0.525 
CAGL0C01771g ? YBR241C YBR241C -0.527 
CAGL0K06633g ? AME1 YBR211C -0.529 
CAGL0K02805g IPC1 AUR1 YKL004W -0.530 
CAGL0H05599g ? YDC1 YPL087W -0.531 
CAGL0J09262g ? STF1 YDL130W-A -0.533 
CAGL0D03806g ? FYV4 YHR059W -0.533 
CAGL0L04642g ? ALE1 YOR175C -0.533 
CAGL0H04147g ? ? ? -0.533 
CAGL0M07513g ? MRPL3 YMR024W -0.535 
CAGL0K11275g ? VHS1 YDR247W -0.535 
CAGL0H05335g ? UBP16 YPL072W -0.535 
CAGL0J03960g ? WTM2 YOR229W -0.535 
CAGL0D04158g ? RSM25 YIL093C -0.536 
CAGL0M10329g ? MRP17 YKL003C -0.537 
CAGL0L08294g ? AXL2 YIL140W -0.537 
CAGL0E05170g GRE2(A) ARI1 YGL157W -0.540 
CAGL0G06776g ? MRPL32 YCR003W -0.540 
CAGL0G03553g ? SLX8 YER116C -0.541 
CAGL0B03597g ? PCM1 YEL058W -0.544 
CAGL0F01683g ? RPL22A YLR061W -0.544 
CAGL0K12100g ? HEM13 YDR044W -0.546 
CAGL0C04609g ? YUH1 YJR099W -0.547 
CAGL0L03355g ? YKR045C YKR045C -0.547 
CAGL0C03674g ? DPI29 YNR040W -0.549 
CAGL0K11836g ? RAD28 YDR030C -0.550 
CAGL0J07040g ? GDE1 YPL110C -0.551 
CAGL0C04895g ? YMR1 YJR110W -0.552 
CAGL0I08085g ? SDH5 YOL071W -0.554 
CAGL0L05280g ? CYT2 YKL087C -0.555 
CAGL0H00484g ? IBA57 YJR122W -0.559 
CAGL0B03047g ILV5 ILV5 YLR355C -0.561 
CAGL0L02541g ? YIL161W YIL161W -0.561 
CAGL0M03366g ? ? ? -0.563 
CAGL0J04400g ? HAP3 YBL021C -0.565 
CAGL0M08712g ? AKR1 YDR264C -0.566 
CAGL0I00770g ? FDO1 YMR144W -0.567 
CAGL0F05951g ? IMP2 YMR035W -0.567 
CAGL0H09240g ? MNT3 YIL014W -0.567 
CAGL0K10956g ? COX14 YML129C -0.569 
CAGL0J10868g ? HTD2 YHR067W -0.569 
CAGL0I03564g ? CLB3 YDL155W -0.571 
CAGL0K11572g ? SBA1 YKL117W -0.572 
CAGL0I08723g ? MSM1 YGR171C -0.574 
CAGL0H00264g ? NBP1 YLR457C -0.574 
CAGL0M07271g ? GRX5 YPL059W -0.574 
CAGL0F09163g ? FMP10 YER182W -0.575 
CAGL0J05038g ? YJL055W YJL055W -0.575 
CAGL0M04103g ? HXT14 YNL318C -0.577 
CAGL0K12958g ? YML131W YML131W -0.577 
CAGL0I09526g ? CWC23 YGL128C -0.579 
CAGL0F08305g ? MTM1 YGR257C -0.579 
CAGL0D06600g ? KNS1 YLL019C -0.579 
CAGL0H05775g ? MSY1 YPL097W -0.580 
CAGL0D03432g ? RNR4 YGR180C -0.582 
CAGL0L00451g ? MRPS17 YMR188C -0.584 
CAGL0A01694g ? YGL036W YGL036W -0.584 
CAGL0D04070g ? DPC29 YGR021W -0.584 
CAGL0L10736g ? INP1 YMR204C -0.585 
CAGL0F01111g ? OPI10 YOL032W -0.585 
CAGL0M07293g ? PDR12 YPL058C -0.587 
CAGL0G02079g ? RPL3 YOR063W -0.587 
CAGL0K05027g ? ADE12 YNL220W -0.588 
CAGL0M12166g ? PTA1 YAL043C -0.589 
CAGL0G09130g ? RPL7A YGL076C -0.589 
CAGL0C00968g ? ? ? -0.590 
CAGL0H03135g MFalpha MF(ALPHA)2 YGL089C -0.591 
CAGL0G05676g ? RRI1 YDL216C -0.591 
CAGL0M04565g ? ACF2 YLR144C -0.592 
CAGL0L07128g ? UBX3 YDL091C -0.592 
CAGL0G02849g ? UIP4 YPL186C -0.593 
CAGL0J03300g ? ICP55 YER078C -0.594 
CAGL0A02387g ? MRP1 YDR347W -0.594 
CAGL0M06325g ? SMP1 YBR182C -0.594 
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CAGL0H01353g ? MHR1 YDR296W -0.596 
CAGL0K01529g ? SLM3 YDL033C -0.596 
CAGL0D04026g ? UGA1 YGR019W -0.596 
CAGL0F08371g TNA1 TNA1 YGR260W -0.597 
CAGL0M11236g ? MRPL44 YMR225C -0.597 
CAGL0M05533g DUR1,2 DUR1,2 YBR208C -0.597 
CAGL0F03883g GAS4 GAS3 YMR215W -0.599 
CAGL0F08041g PFK1 PFK1 YGR240C -0.599 
CAGL0K07436g ? YHM2 YMR241W -0.599 
CAGL0H08602g ? MSF1 YPR047W -0.599 
CAGL0H08283g HSP10 HSP10 YOR020C -0.600 
CAGL0A02816g ? YPR1 YDR368W -0.601 
CAGL0K03113g ? YLF2 YHL014C -0.601 
CAGL0M07491g ? CSI1 YMR025W -0.601 
CAGL0F06391g ? BUB2 YMR055C -0.605 
CAGL0A04279g ? YBL055C YBL055C -0.606 
CAGL0I08481g ? MRP2 YPR166C -0.606 
CAGL0K08536g APE1 APE1 YKL103C -0.610 
CAGL0G04851g SUR4 ELO3 YLR372W -0.611 
CAGL0I01122g GRE3 GRE3 YHR104W -0.612 
CAGL0B03465g ? SYM1 YLR251W -0.612 
CAGL0L07634g ? YML002W YML002W -0.612 
CAGL0K05973g HSP60 HSP60 YLR259C -0.613 
CAGL0F08239g ? COQ6 YGR255C -0.614 
CAGL0L04224g ? MRPL23 YOR150W -0.616 
CAGL0L08712g ? CIP1 YPL014W -0.617 
CAGL0D05632g ? COX17 YLL009C -0.617 
CAGL0K05775g ? SDH7 YDR511W -0.618 
CAGL0L05676g ? URA2 YJL130C -0.618 
CAGL0M06721g ? CAB2 YIL083C -0.621 
CAGL0K12386g ? EPL1 YFL024C -0.622 
CAGL0J11330g ? MRPL19 YNL185C -0.622 
CAGL0K05863g ? AIM14 YGL160W -0.623 
CAGL0L10758g PFK2 PFK2 YMR205C -0.624 
CAGL0K11044g ? MRPL7 YDR237W -0.624 
CAGL0K05379g VMA13 VMA13 YPR036W -0.625 
CAGL0J10120g ? FKH1 YIL131C -0.625 
CAGL0J05302g ? MPM1 YJL066C -0.626 
CAGL0J09482g ? RMI1 YPL024W -0.628 
CAGL0I04796g ? SCO2 YBR024W -0.628 
CAGL0M06061g PEX32 PEX32 YBR168W -0.628 
CAGL0I03740g ? YDL144C YDL144C -0.629 
CAGL0K03245g ? ? ? -0.629 
CAGL0E02013g ? RPL18A YOL120C -0.630 
CAGL0H01859g ? APS2 YJR058C -0.631 
CAGL0H01177g ? DPP1 YDR284C -0.631 
CAGL0C04092g TRP1 TRP1 YDR007W -0.632 
CAGL0H08998g ? PCL10 YGL134W -0.636 
CAGL0G04631g ? IZH1 YDR492W -0.637 
CAGL0M11242g ? YMR226C YMR226C -0.637 
CAGL0B01100g ? TFS1 YLR178C -0.637 
CAGL0G09581g ? TUF1 YOR187W -0.638 
CAGL0H03751g ? RFX1 YLR176C -0.639 
CAGL0L03091g ? SET3 YKR029C -0.640 
CAGL0K00891g ? TDA10 YGR205W -0.641 
CAGL0I03652g ? ATG9 YDL149W -0.642 
CAGL0L06622g PHO81 PHO81 YGR233C -0.643 
CAGL0G04213g ? RNR2 YJL026W -0.644 
CAGL0E00341g MTL1a HMRA1 YCR097W -0.646 
CAGL0F05995g MSN2 MSN2 YMR037C -0.649 
CAGL0F08657g PEX23 PEX31 YGR004W -0.650 
CAGL0G06996g ? ? ? -0.652 
CAGL0F07777g ? ALD3 YMR169C -0.653 
CAGL0E03828g ? ECM29 YHL030W -0.653 
CAGL0H04983g PSA1 PSA1 YDL055C -0.654 
CAGL0D00594g ? RXT3 YDL076C -0.655 
CAGL0G08734g ? RPL9B YNL067W -0.656 
CAGL0K01419g ? MTF2 YDL044C -0.657 
CAGL0M04147g ? VNX1 YNL321W -0.657 
CAGL0G05962g ? YHR140W YHR140W -0.659 
CAGL0G01881g ? MRPL51 YPR100W -0.661 
CAGL0F04895g ? GPH1 YPR160W -0.662 
CAGL0B02882g BMT2 ? ? -0.664 
CAGL0B04235g SCP120 ? ? -0.665 
CAGL0M13695g ? DYN3 YMR299C -0.666 
CAGL0C03916g ? MNT3 YIL014W -0.669 
CAGL0J09812g TPS1 TPS1 YBR126C -0.671 
CAGL0I07249g ? BAG7 YOR134W -0.672 
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CAGL0B01419g RIB4 RIB4 YOL143C -0.672 
CAGL0L12628g ? MRX11 YPL041C -0.676 
CAGL0H04565g ? MRP21 YBL090W -0.676 
CAGL0L01925g UGP1 UGP1 YKL035W -0.676 
CAGL0D02090g ASC1 ASC1 YMR116C -0.678 
CAGL0I06424g ? YPR172W YPR172W -0.679 
CAGL0A04301g ? PTC3 YBL056W -0.679 
CAGL0K10978g ? LYS4 YDR234W -0.680 
CAGL0J02926g PET117 PET117 YER058W -0.682 
CAGL0H02123g ? NAM8 YHR086W -0.683 
CAGL0B00440g ? ? ? -0.685 
CAGL0B02167g ? MRPL9 YGR220C -0.687 
CAGL0J04950g ? IRC8 YJL051W -0.690 
CAGL0K01705g ? GPM2 YDL021W -0.690 
CAGL0G05027g ? RPS13 YDR064W -0.692 
CAGL0A04169g ? MMR1 YLR190W -0.694 
CAGL0J11176g ? TDA7 YNL176C -0.696 
CAGL0A01540g ? RPL30 YGL030W -0.697 
CAGL0I00105g ? ? ? -0.698 
CAGL0E01815g YPS8 MKC7 YDR144C -0.699 
CAGL0F01881g ? YLR053C YLR053C -0.704 
CAGL0L07326g ? DUN1 YDL101C -0.706 
CAGL0C04807g ? RSM7 YJR113C -0.707 
CAGL0E00759g ? ARG82 YDR173C -0.708 
CAGL0L06930g ? YDL085C-A YDL085C-A -0.709 
CAGL0D04642g ? CLB5 YPR120C -0.711 
CAGL0G07821g ? GTF1 YGR102C -0.714 
CAGL0E06072g ? YMR181C YMR181C -0.714 
CAGL0I06556g ? PET122 YER153C -0.714 
CAGL0M13365g ? SSP1 YHR184W -0.718 
CAGL0K07315g ? COA6 YMR244C-A -0.719 
CAGL0M12903g SEC28 SEC28 YIL076W -0.719 
CAGL0M08184g STE3 STE3 YKL178C -0.721 
CAGL0C01705g GPX2 GPX2 YBR244W -0.722 
CAGL0E04224g ? YBR071W YBR071W -0.722 
CAGL0K02585g YAP3 YAP3 YHL009C -0.724 
CAGL0F08261g ? ENO1 YGR254W -0.725 
CAGL0K03135g ? RPS20 YHL015W -0.725 
CAGL0D03982g ? PUT2 YHR037W -0.727 
CAGL0C04543g ? YJR096W YJR096W -0.729 
CAGL0K12980g BMT7 ? ? -0.732 
CAGL0L11616g ? RTC5 YOR118W -0.733 
CAGL0M08470r tE(UUC)9 ? ? -0.733 
CAGL0F04125g ? YBL029W YBL029W -0.736 
CAGL0B04411g ? POA1 YBR022W -0.737 
CAGL0K01133g ? TWF1 YGR080W -0.739 
CAGL0H01375g SUR2 SUR2 YDR297W -0.741 
CAGL0G01166g ? DIC1 YLR348C -0.743 
CAGL0M04301g ? ZRT2 YLR130C -0.746 
CAGL0K11341g ? COX20 YDR231C -0.747 
CAGL0G05335g TPS2 TPS2 YDR074W -0.752 
CAGL0E06006g ? MMT1 YMR177W -0.755 
CAGL0C00451g ? YBR137W YBR137W -0.757 
CAGL0K04719g ? YNL208W YNL208W -0.758 
CAGL0M10285g ? BYE1 YKL005C -0.758 
CAGL0K01683g GPD1 GPD1 YDL022W -0.760 
CAGL0C02937g ? PAC1 YOR269W -0.760 
CAGL0J00187g ? YGR026W YGR026W -0.763 
CAGL0I09306g ? YPT10 YBR264C -0.768 
CAGL0I01870g PEX24 PEX28 YHR150W -0.770 
CAGL0J03806g ? WTM1 YOR230W -0.773 
CAGL0J05830g ? YNL144C YNL144C -0.774 
CAGL0I10582g ? YGR127W YGR127W -0.774 
CAGL0J00825g ? GYP6 YJL044C -0.776 
CAGL0K07524g PMU1 PMU1 YKL128C -0.779 
CAGL0M02673g ? COX11 YPL132W -0.782 
CAGL0G03619g ? AVT5 YBL089W -0.782 
CAGL0A04147g PEX13 PEX13 YLR191W -0.783 
CAGL0I02046g ? YPR127W YPR127W -0.784 
CAGL0M06655g ? HHT2 YNL031C -0.784 
CAGL0H10054g ? YBR053C YBR053C -0.788 
CAGL0M11088g ? ? ? -0.789 
CAGL0H10362g ? TMA17 YDL110C -0.790 
CAGL0F05819g ? NVJ3 YDR179W-A -0.791 
CAGL0C02013g ? YFR045W YFR045W -0.793 
CAGL0D04422g ? FEX2 YPL279C -0.794 
CAGL0I01100g GCY1 GCY1 YOR120W -0.798 
CAGL0B03421g ? HAP1 YLR256W -0.799 
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CAGL0J06270g ? YDL176W YDL176W -0.802 
CAGL0M07161g EGD2 EGD2 YHR193C -0.806 
CAGL0M00594g ? RSF2 YJR127C -0.808 
CAGL0J02552g ? ? ? -0.809 
CAGL0G07337g ? NHX1 YDR456W -0.809 
CAGL0I07491g ? IZH4 YOL101C -0.813 
CAGL0G09515g ? SPR1 YOR190W -0.814 
CAGL0H06787g ? POT1 YIL160C -0.816 
CAGL0I01496g ? ECM10 YEL030W -0.818 
CAGL0B04719g ? YCL002C YCL002C -0.819 
CAGL0K05357g ? GLN1 YPR035W -0.826 
CAGL0K08756g AP5 YAP5 YIR018W -0.826 
CAGL0G09383g TDH3 TDH3 YGR192C -0.829 
CAGL0D03652g ? SPT21 YMR179W -0.829 
CAGL0M11066g ? CLB6 YGR109C -0.831 
CAGL0G05511g ? WHI4 YDL224C -0.833 
CAGL0G00220g ? BGL2 YGR282C -0.835 
CAGL0D04092g DOG2 DOG2 YHR043C -0.836 
CAGL0D02794g ? WSC4 YHL028W -0.837 
CAGL0A02024g ? LAG2 YOL025W -0.840 
CAGL0M07001g ? EGO2 YCR075W-A -0.844 
CAGL0I10604g ? YGR126W YGR126W -0.847 
CAGL0H03795g LEU2 LEU2 YCL018W -0.848 
CAGL0M06882r ? ? ? -0.851 
CAGL0H06699g ? GUT2 YIL155C -0.853 
CAGL0H05379g ? GCR1 YPL075W -0.853 
CAGL0L04598g ? DCS2 YOR173W -0.853 
CAGL0B03014g ? MNT3 YIL014W -0.859 
CAGL0J03674g ? DGA1 YOR245C -0.860 
CAGL0J01397g ? YMR087W YMR087W -0.860 
CAGL0K08734g ? YIR014W YIR014W -0.861 
CAGL0B01875g ? COX26 YDR119W-A -0.866 
CAGL0M13189g MSN4 MSN4 YKL062W -0.866 
CAGL0I09394g ? SDH8 YBR269C -0.869 
CAGL0H05027g ? CTF3 YLR381W -0.869 
CAGL0H04455g ? INP2 YMR163C -0.870 
CAGL0I02420g ? ATG7 YHR171W -0.873 
CAGL0M12727g ? MAM33 YIL070C -0.877 
CAGL0J03146g ? RNR1 YER070W -0.886 
CAGL0B02981g ? MNT3 YIL014W -0.886 
CAGL0L10802g ? RRT12 YCR045C -0.886 
CAGL0H00781g ? YPL247C YPL247C -0.894 
CAGL0J01441g ? ADH3 YMR083W -0.897 
CAGL0B00770g AUT4 ATG22 YCL038C -0.900 
CAGL0K06545g ? UGO1 YDR470C -0.906 
CAGL0L06336g ? STE5 YDR103W -0.907 
CAGL0I02486g ENO1 ENO1 YGR254W -0.912 
CAGL0G07315g ? RCF1 YML030W -0.912 
CAGL0K07458g ? YPK1 YKL126W -0.919 
CAGL0E05214g ? YPL088W YPL088W -0.920 
CAGL0A00341g ? MPO1 YGL010W -0.921 
CAGL0G07249g ? YHP1 YDR451C -0.921 
CAGL0H04691g ? MRPL39 YML009C -0.921 
CAGL0L08030g ? SLM5 YCR024C -0.922 
CAGL0A02211g ? HXT7 YDR342C -0.922 
CAGL0H07337g ? ? ? -0.925 
CAGL0L11374g ? DAK1 YML070W -0.929 
CAGL0I08943g ? PES4 YFR023W -0.930 
CAGL0K02739g ? LAG1 YHL003C -0.934 
CAGL0M14025g ? YMR315W YMR315W -0.935 
CAGL0K05885r tS(GCU)2 ? ? -0.939 
CAGL0M12771g ? HOP1 YIL072W -0.939 
CAGL0L02497g FBA1 FBA1 YKL060C -0.942 
CAGL0I00638g ? COQ11 YLR290C -0.951 
CAGL0L03157g ? DAL80 YKR034W -0.951 
CAGL0E05192g ? YPL088W YPL088W -0.951 
CAGL0H08327g TPI1 TPI1 YDR050C -0.956 
CAGL0K00671g ? RPS14A YCR031C -0.956 
CAGL0L08118g ? RPS14A YCR031C -0.965 
CAGL0C01078g ? ? ? -0.966 
CAGL0G05357g ? NNR1 YNL200C -0.968 
CAGL0G04235r tL(CAA)6 ? ? -0.970 
CAGL0L11902g ? ADK2 YER170W -0.972 
CAGL0M06237g ? EHT1 YBR177C -0.977 
CAGL0L02717g ? AIM41 YOR215C -0.985 
CAGL0J11132g ? MDG1 YNL173C -0.989 
CAGL0K02090r ? ? ? -1.004 
CAGL0C05423g ? PTP1 YDL230W -1.005 
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CAGL0H00594g ? BBP1 YPL255W -1.010 
CAGL0J00715g ? YHR022C YHR022C -1.013 
CAGL0K10626g ? GSY1 YFR015C -1.037 
CAGL0I00418g ? OLE1 YGL055W -1.037 
CAGL0B00616g ? SPS22 YCL048W -1.049 
CAGL0L00561g ? SSO1 YPL232W -1.053 
CAGL0J08613g ? YVC1 YOR087W -1.059 
CAGL0I04328g ? DPI8 YJL133C-A -1.067 
CAGL0B02970g BMT5 ? ? -1.067 
CAGL0L10912g ? TPO4 YOR273C -1.071 
CAGL0C04785g ? YJR115W YJR115W -1.075 
CAGL0F04499g ? FUI1 YBL042C -1.081 
CAGL0M08536g ? YKL162C YKL162C -1.084 
CAGL0C02211g UTR2 UTR2 YEL040W -1.090 
CAGL0E02233g ? PCL1 YNL289W -1.092 
CAGL0M13266g ? ? ? -1.099 
CAGL0K13002g AED2 ? ? -1.112 
CAGL0J09988g ? MTQ1 YNL063W -1.158 
CAGL0H08712g ? ? ? -1.158 
CAGL0J04048g ? ISU2 YOR226C -1.161 
CAGL0I08679r tS(AGA)6 ? ? -1.165 
CAGL0F05071g ? ECI1 YLR284C -1.178 
CAGL0L01815r tE(UUC)5 ? ? -1.179 
CAGL0H10164g ? MUM2 YBR057C -1.198 
CAGL0K07546g PMU2 ? ? -1.201 
CAGL0C00539g ? AGP2 YBR132C -1.210 
CAGL0E06380g ? NNR2 YKL151C -1.212 
CAGL0I06831g ? COX15 YER141W -1.213 
CAGL0K09702g ? YNL134C YNL134C -1.226 
CAGL0E01793g YPS6 ? ? -1.236 
CAGL0A02167r tQ(UUG)1 ? ? -1.248 
CAGL0M12210g ? BOL1 YAL044W-A -1.251 
CAGL0M08558g ? ? ? -1.264 
CAGL0A00363g ? LEU1 YGL009C -1.267 
CAGL0B01727g ? YDR109C YDR109C -1.268 
CAGL0H04037g ? GAC1 YOR178C -1.282 
CAGL0J00847g ? YJL045W YJL045W -1.292 
CAGL0K00605g ? CDC6 YJL194W -1.296 
CAGL0L09537g ? OYE2 YHR179W -1.302 
CAGL0B04367g ? SCO1 YBR037C -1.379 
CAGL0F00605g GLK1 EMI2 YDR516C -1.389 
CAGL0C00275g HSP31 HSP31 YDR533C -1.420 
CAGL0E02519g ? IZH2 YOL002C -1.421 
CAGL0M03377g ? GLC3 YEL011W -1.453 
CAGL0L08044r ? ? ? -1.455 
CAGL0L06666g YHB1 YHB1 YGR234W -1.482 
CAGL0A04675g ? ATG8 YBL078C -1.507 
CAGL0G09405r tW(CCA)4 ? ? -1.539 
CAGL0B01034r tL(CAA)2 ? ? -1.549 
CAGL0D01958g ? SDH3 YKL141W -1.555 
CAGL0F01485g TIR2 TIR4 YOR009W -1.618 
CAGL0L06512g ? BNS1 YGR230W -1.621 
CAGL0B05005r tP(AGG)1 ? ? -1.676 
CAGL0K12716g ? YFL040W YFL040W -1.705 
CAGL0K04587g ? RPS22B YLR367W -1.706 
CAGL0K03421g ? PGM1 YKL127W -1.712 
CAGL0K08844g ? AIM17 YHL021C -1.745 
CAGL0H00572g ? TDA4 YJR116W -1.774 
CAGL0A03080g ? SDH6 YDR379C-A -1.824 
CAGL0B02475g PHO84 PHO84 YML123C -1.909 
CAGL0K01961r ? ? ? -1.928 
CAGL0M12881g ? URA1 YKL216W -2.014 
CAGL0K08206g ? YGL140C YGL140C -2.031 
CAGL0F00187g ? FET4 YMR319C -2.051 
CAGL0B04433g ? FUR4 YBR021W -2.098 
CAGL0J03080g ? RGI1 YER067W -2.193 
CAGL0G02937g ? PDC6 YGR087C -2.279 
CAGL0G03905g ? ISA1 YLL027W -2.395 
CAGL0B04455g ? AVT4 YNL101W -2.461 
CAGL0I03080g URA3 URA3 YEL021W -2.487 
CAGL0E03850g ? SDH2 YLL041C -2.605 
CAGL0I03586g ? MSH5 YDL154W -2.695 
CAGL0L12122g ? ISC10 YER180C -3.256 
CAGL0D00198g ? BDH1 YAL060W -3.302 
CAGL0G03949g ? ? ? -3.964 
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Calculated cycle threshold (Ct) values with Realplex Software (Eppendorf) from the qPCR 
experiment and relative quantification of mRNA determined using efficiency corrected 
ΔΔCt method. Relative expression of genes across different settings (FLC 5 mg/l at 2 and 4 
h, MPA 5 mg/l at 2 and 4 h, and FLC 5 mg/l + MPA 5 mg/l at 2 and 4 h) in reference to the 
untreated samples at the same time point. 
Samples PGK1 RIP1 AOX AUS1 CDR1 CRZ1 CNA1 ERG1 ERG3 ERG5 ERG7 ERG11 
U_t1 
13.8 21.05 24.07 24.24 22.94 22.58 22.96 19.46 20.56 20.06 21.98 20.95 
14.59 20.9 23.99 24.02 23.52 22.66 22.79 19.53 20.36 19.96 22.16 20.86 
13.76 20.95 23.63 24.98 23.39 22.73 23.01 18.59 20.12 20.06 22.92 21.28 
14.31 19.59 23.72 25.18 23.6 22.87 23.03 19.57 19.6 19.84 23.29 20.6 
14.34 18.81 23.6 24.84 23 22.76 22.94 18.55 20.82 20.15 23.32 20.21 
14.38 18.8 23.51 24.75 21.78 22.61 22.89 19.27 20.72 20.03 23.67 20.47 
F_t1 
15.4 20.07 23.94 23.9 22 22.02 22.26 18.34 18.3 18.86 21.3 19.01 
15.48 19.89 23.77 23.87 22.26 22.02 22.17 18.14 18.37 18.77 21.48 19.1 
13.5 20.6 23.05 24.41 23.08 21.98 22.58 15.63 17.41 18.86 22.22 18.98 
13.94 19.86 22.9 24.3 22.4 21.82 22.4 16.12 17.27 18.51 22.08 18.53 
14.86 18.88 23.61 23.99 22.06 21.95 22.43 17.79 18.81 18.67 22.3 19.33 
14.93 18.97 23.31 24.21 21.63 21.95 22.54 17.61 18.67 18.73  19.01 
M_t1 
15.37 20.27 23.63 24.35 22.73 22.6 22.6 20.59 21.28 19.98 22.53 20.91 
15.3 20.91 23.64 24.29 22.42 22.68 22.61 20.4 20.97 19.98 22.28 20.69 
14.66 19.97 23.89 24.68 22.19 23.14 23.31 18.83 17.53 20.53 23.09 20.55 
14.8 20.23 23.69 24.37 22.2 22.99 23.14 18.45 20.04 20.31 23.12 20.91 
17.44 20.68   24.04 24.73  21.84 29.95   22.58 
17.41 22.85  30.76  28.52 29.31  22.57 25.95  22.98 
FM_t1 
15 21.43 23.76 24.42 22.29 22.52 22.6 16.87 19.61 19.21 21.31 19.9 
15.02 20.75 23.73 24.3 22.15 22.65 22.55 17.46 19.88 19.29 21.3 19.79 
14.7 19.76 23.3 24.8 21.82 22.37 22.76 17.4 18.34 19.04 22.43 19.56 
14.76 19.96 23.21 24.86 22.17 22.36 22.91 17.85 18.55 19.15 22.49 19.78 
19.46    26.91 27.54 27.78 22.27 23.47 24.65  23.81 
U_t2 
13.52 20.58 23.28 23.99 23 22.64 22.97 19.01 19.75 20.04 22.7 20.44 
14.38 20.34 23.33 24 22.42 22.47 22.99 19.2 19.58 19.98 22.92 20.23 
14.39 19.34 23.48 24.56 21.64 22.73 23.21 19.5 19.8 20.33 23.17 20.43 
14.34 18.92 23.3 24.4 21.65 22.57 23.22 19.89 20.15 20.37 23.5 19.89 
13.84 18.6 22.71 24.35 21.4 22.34 22.57 19.95 18.54 19.96 23.48 19.85 
13.64 19.08 22.67 24.12 22.13 22.39 22.45 19.47 18.85 19.91 23.07 19.57 
F_t2 
14.21 19.9 23.16 23.68 21.46 21.6 21.88 17.01 17.84 18.4 21.81 19.09 
14.71 19.62 23.21 25.59 21.49 21.62 22.01 17.99 18.22 18.32 22.38 19.29 
14.65 19.27 22.89 25.03 22.31 22.11 22.71 17.39 18.34 19.54 22.96 19.49 
14.8 19.12 23.05 24.79 22.45 21.96 22.5 17.14 18.48 19.1 22.77 19.2 
14.25 18.47 22.99 25.41 22.68 21.72 22.58 18.43 16.95 19.17 23.54 18.02 
14.2 18.24 22.81 25.1 22.56 21.81 22.55 18.41 17.46 19 23.29 18.6 
M_t2 
14.13 19.84 22.45 24.78 20.01 22.42 22.82 21.19 20.7 19.77 23.22 20.6 
14.63 19.5 22.37 24.8 20.19 22.68 22.92 20.76 20.85 19.98 23.2 20.69 
14.68 18.61 21.91 24.57 19.88 22.73 22.84 19.73 20.46 19.97 23.37 19.29 
14.86 18.83 22.02 24.41 19.48 23 22.73 19.67 20.58 19.87 23.34 19.98 
14.78 18.38 22 24.45 19.84 22.7 22.6 20.39 20.14 20.11 23.24 19.5 
14.77 18.38 21.92 24.71 20.39 22.51 22.88 19.97 20.24 20.1 23.57 19.28 
FM_t2 
14.17 20.55 22.2 24.65 20.11 22.35 22.63 18.54 19.84 19.33 21.94 19.7 
14.65 20.26 22.12 24.54 20.55 22.27 22.5 18.55 19.63 19.17 22.06 19.84 
13.79 17.34 24.31 26.56 17.99 24.68 24.69 16.67 17.58 28.53 21.28 17.41 






Tome M. Mechanism of azole resistance in Candida glabrata in the presence of … mycophenolic acid.  




Samples ERG24 FLR1 GEP4 HIS4 IMD3 MET4 MFS PDH1 PDR1 PDR12 PDR16 PGC1 
U_t1 
23.23 24.87 24.02 20.92 18.67 24.09 22.28 23.93 24.69 19.51 23.39 23.66 
23.25 25.01 23.92 20.83 18.21 23.87 22.13 23.81 24.69 18.87 22.83 23.87 
23.46 24.79 23.38 21.21 17.36 24.26 22.19 24.83 24.14 22.02 21.17 23.33 
22.82 24.82 23.3 21.01 17.09 24.55 22.2 24.87 23.34 22.84 20.72 23.37 
21.83 24.51 22.92 21.15 18.9 24.54 22.28 24.58 24.25 18.76 20.68 23.78 
22.5 24.38 22.99 21.29 18.43 24.46 22.28 24.45 24.45 18.72 20.62 23.62 
F_t1 
21.48 25.27 23.95 20.01 18.99 23.48 22.76 23.65 22.91 19.94 23.4 22.88 
21.75 25.31 23.57 19.97 19.23 23.49 22.65 23.64 23.11 19.82 23.4 22.94 
21.94 25.56 23.35 19.74 17.36 23.43 22.33 24.87 22.58 22.42 21.28 24.08 
21.51 25.49 25.79 19.87 17.57 23.51 22.2 24.67 22.3 22.16 21.1 23.68 
21.63 25.05 22.86 19.55 19.06 24.19 22.67 24 23.66 18.99 20.34 23.47 
 25.01 22.84 19.54 18.66 24.07 22.83 23.89  18.93 20.28 23.28 
M_t1 
22.91 24.29 23.83 21.53 17.63 23.87 21.86 23.66 24.47 17.87 23.7 23.41 
22.73 24.51 24.11 21.7 17.83 23.96 21.81 23.9 24.21 18.11 23.4 23.52 
23.66 24.87 24.16 21.6 16.5 24.67 21.56 24.49 23.97 21.52 20.78 23.47 
23.83 24.75 24.26 21.65 16.58 24.8 21.6 24.38 24.15 21.42 21 23.32 
 26.16 27.21 23.46 19.01 26.48  30.2 26.53 22.31  24.99 
 29.62 29.77 28.09 19.58 30.03 29.01 29.74   24.01 28.94 
FM_t1 
22.45 24.74 24.18 21.5 17.79 23.64 22.79 23.97 24.15 18.98 23.45 24.1 
22.3 24.66 24.35 21.64 17.53 23.85 22.77 23.93 24.13 19.33 23.2 24.12 
22.9 24.73 23.55 21.18 16.66 23.7 22.34 24.41 23.51 21.85 21.01 23.88 
23.03 24.8 23.43 21.07 16.8 23.97 22.46 24.42 24.01 22.24 21.19 23.82 
27.4 29.34 28.25 25.69 21.87 32.58 28.38  28.58 25.51 27.11 28.51 
U_t2 
22.22 28.12 24.07 20.45 18.6 23.12 23.7 23.1 23.93 19.01 23.13 23.73 
22.19 27.88 24.06 20.11 18.46 23 23.66 22.65 23.61 19.33 22.66 23.33 
22.9 27.64 22.89 19.92 18.88 23.64 23.62 23.33 23.7 19.88 22.14 22.69 
22.5 27.57 23.07 19.92 18.85 23.71 23.57 23.31 23.93 20.9 22.01 22.92 
22.84 26.95 23.31 20.01 18.29 23.15 23.75 22.52 23.83 19.74 22.12 22.88 
23.03 26.94 23.78 20.43 18.59 23.23 23.72 22.62 23.38 19.73 22.38 22.77 
F_t2 
21.45 26.83 23.52 19.52 17.44 22.63 23.35 22.73 22.7 18.79 22.97 22.69 
21.52 26.78 23.26 19.51 17.46 22.66 23.38 22.44 22.92 19.41 22.79 22.51 
21.76 27.46 22.6 20.19 19.87 23.41 24.43 23.65 23.8 22.06 22.05 23.7 
21.33 27.27 22.62 19.92 19.95 23.44 24.23 23.42 23.92 19.93 21.96 23.55 
21.7 26.73 23.14 19.95 17.86 22.79 23.78 23.08 22.7 20.3 22.1 23.17 
22 26.78 23.04 20.26 18.02 22.74 23.7 23.19 22.55 20.4 22.18 23.15 
M_t2 
23.62 24.96 24.46 19.18 16.23 22.51 21.33 22.66 23.81 22.29 21.9 21.55 
23.6 25.24 24.61 19.47 16.15 22.52 21.55 22.76 24.07 21.96 21.9 21.96 
22.41 25.37 23.5 19.25 17.63 22.25 21.8 23.27 23.94 19.52 21.02 22.51 
22.36 25.55 23.59 20.47 17.58 22.92 22.21 23.42 24.11 22.05 21.05 22.6 
22.98 24.9 24.24 19.28 16.68 22.79 21.59 22.81 23.7 19.96 21.4 22.03 
22.78 24.75 24.12 19.23 16.96 22.74 21.74 22.64 23.49 19.92 21.45 21.75 
FM_t2 
23.12 25.55 24.91 19.52 15.86 22.35 21.53 22.97 23.42 22.1 21.55 22.9 
23.06 25.49 24.66 19.56 15.95 22.29 21.49 22.83 23.68 21.9 21.8 22.82 
20.21 27.51 22.08 18.51 15.66 25 23.86 25.22 21.86 19.16 19.99 20.65 
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Samples QDR2 ROX1 SNQ2 TAM41 TPO1_1 TPO1_2 YBT1 YOR1 
U_t1 
22.92 24.76 22 24.82 24.55 24.94 25.33 23.44 
23.07 24.63 20.96 24.01 24.65 25.43 25.19 23.35 
21.59 24.66 22.32 23.98 24.74 24.9 23.08 22.23 
22.06 24.49 22.26 23.84 24.64 26.48 22.38 22.26 
21.03 24.35 21.88 24.12 25.38 25.31 25.23 21.99 
20.8 24.22 21.74 23.99 25.05 23.4 24.6 22.02 
F_t1 
22.41 24.03 20.93 23.95 24.68 25.02 25.22 23.31 
22.59 23.83 20.97 23.58 24.98 25.1 25.66 23.49 
20.67 25.77 22.58 23.55 26.14 25.03 22.38 21.78 
20.63 25.37 22.37 23.27 26.06 25 23.01 22.12 
19.76 24.68 21.98 23.49 26.39 25.57 25.5 22.51 
20.77 24.61  23.39  24.59 24.86 22.68 
M_t1 
23.2 23.03 20.09 24.23 24.25 25.59 25.77 24.08 
23 23.09 21.03 24.31 24.01 25.19 25.33 23.8 
20.85 24.1 21.93 24.53 24.2 25.11 22.05 22.42 
21.08 24.11 21.93 24.42 24.68 24.93 22.23 22.22 
24    25.46 27.06 23.67 23.39 
27.3   29.96    24.6 
FM_t1 
23.11 23.04 20.9 24.6 24.05 25.11 26.02 23.34 
23.68 23.1 21.02 26.03 24.01 24.79 25.67 23.18 
21.35 24.03 21.74 24.21 25.9 24.63 23.08 22.19 
21.52 24.21 21.87 24.27  24.77 23.52 22.55 
26.74 27.72 27.25 28.84 29.37 28.81 28.23 26.04 
U_t2 
23.06 25.85 20.98 23.68 23.49 26.67 25.86 23.3 
22.41 25.62 21.49 23.34 22.99 26.16 25.57 22.62 
22.14 25.9 21.96 23.48 23.75 25.71 25.83 21.94 
21.6 26.15 22.16 23.56 23.79 25.8 26.06 21.89 
20.45 24.97 23.53 23.29 23.05 24.72 24.2 21.45 
21.06 25.18 23.25 23.5 22.82 24.86 24 21.61 
F_t2 
21.99 24.71 21.08 23.11 23.8 25.33 25.23 21.93 
20.91 24.62 21.46 22.93 24.37 25.04 25.55 22.03 
22.63 26.05 22 23.7 25.27 25.79 27 20.99 
22.15 25.96 22.1 23.47 25.24 25.93 26.92 21.36 
20.85 25.45 24.49 23.42 24.62 25.17 24.12 20.78 
20.9 25.44 23.74 23.38 24.1 24.98 25.06 21.35 
M_t2 
20.63 23.63 21.83 23.85 23.11 24.04 22.11 21.83 
20.93 23.75 21.35 24.12 22.28 23.91 22.24 21.61 
21.19 24.35 21.63 23.73 22.85 24.26 23.94 21.44 
21.5 24.39 21.55 23.5 22.96 24.28 25.11 21.55 
20.65 23.21 23.03 23.83 21.88 23.13 22.45 21.24 
20.63 23.27  23.8 22.7 23.58 21.77 20.95 
FM_t2 
20.75 24.56 21.22 23.96 24.03 24.46 21.29 21.75 
20.71 24.13 21.38 23.89 24.18 24.85 20.78 21.61 
19.49 22.32 20.39 21.95 21.09 22.52 31.37 20.51 
21.95   25.32 23.73 24.72 24.31 22.31 
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Hits from the chemogenomic screening involved with cell regulation and their relative 
expression from the transcriptomics. 
Gene name  ORF Relative expressiona 
  F1 F2 M1 M2 FM1 FM2 
PDR1 CAGL0A00451g 0.703 0.801 0.275 0.431 0.528 0.671 
SNF1 CAGL0M08910g 0.115 0.149 -0.029 0.035 0.119 0.040 
MCM1 CAGL0I10769g -0.182 0.002 -0.089 0.232 0.043 0.034 
GAL11A CAGL0H06215g 0.188 0.019 0.062 -0.196 -0.137 -0.194 
POP2 CAGL0C03399g 0.170 -0.054 -0.049 0.083 -0.054 0.048 
SSN3 CAGL0L12650g 0.160 0.106 -0.050 -0.265 0.093 -0.218 
HAP1 CAGL0K05841g 0.145 0.128 0.145 0.313 0.278 0.461 
TPK2 CAGL0G09020g 0.988 0.298 -0.166 -0.256 0.755 -0.165 
CKB2 CAGL0I00946g -0.203 0.051 0.198 0.340 0.033 0.273 
YPK1 CAGL0K03399g 0.230 0.206 -0.058 -0.134 0.085 -0.058 
SSN8 CAGL0M06875g 0.179 0.143 -0.176 -0.243 0.022 -0.294 
ZFC7/RSC3 CAGL0D03850g -0.156 0.019 0.110 -0.008 0.082 -0.040 
CNA1 CAGL0L11110g 0.353 0.494 -0.059 0.062 0.434 0.219 
CNB1 CAGL0L00605g 0.056 0.339 0.098 0.142 0.186 0.076 
CKA2 CAGL0G02035g 0.159 -0.257 0.287 0.118 0.062 0.164 
a relative expression values from RNA-seq, bold numbers and darker colors if the FDR value is < 0.05. Red 
indicates that the mutations made strain more susceptible to perturbation, green if the mutations made them 
less susceptible to perturbation. F – FLC, M – MPA, 1 – time point 1 at 2 h, 2 – time point 2 at 4 h. 
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Screening results of the mutants selected from the chemogenomic screening and tested 
against the combination of fluconazole and mycophenolic acid in search for the crucial genes 
responsible for the antagonistic interaction. 
 
Here is just a part of the results, since there is a substantial number of mutants (54).  
 
List of single gene deletions used in this screening: KRE6, KTR2, BIG1, SWM1, CNE1, 
PDR1, TPK2, RPD3, CDR1, CDC10, SNF1, YPK1, OST3, PFK1, MCM1a, SWF1, SYS1, 
POP2, SSN3, GIS2, SSN8, ALG6, CNA1, HAP1, ALG5, SSD1, MYO2, ASF1, RSC3, CNB1, 
ROT2, GAL11A, MDL1, YOR1, GAS1, MKC7/BPT1, YIR016W, HEK2, OST6, CKB2, 
MOT3, CKA2, HAC1, MNS1, PKH2, MID1, NRG1, RFX1, TUP1, NOT3, LYS14, CCH1, 
RIM8, and PPR1. 
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